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li! of questions and answers that will be recorded by 
pj the court reporter? 
tw A: Yes. 

H! Q: And you understand that youVe been placed 
Pi under oath just as you would be if you were 
M testifying in court? 
pj A: Yes. 

m Q: Just a few basic rules that I think would 
m help us both today. If you don't understand my 
[to) question or need it repeated for any reason, please 
pi] just indicate so, because I want to make sure that 
[ia you understand the question. And second, I would 
[i 3 j ask you not to speculate but to respond factually, 
pa] and if you are having to draw inferences from the 
[i 5 facts that you are aware of, let us know when that 
[ttj process has occurred. Is that acceptable? 

(«] A: Yes. 

pel Q: Finally, we all fall into this sometimes, 

(isi including myself.The court reporter can only 
pm record verbal responses, so attempt to respond 
pi] verbally as opposed to nodding your head, if you can 
pjj remember, please. 

pa) Dr. Spengler, how did you get involved in 
pa] this case? 



PROCEEDS 


B a wliplcalledfor examinatioJ^ebttidel for the 
Hi Defdiiidatg; RJ. ReynoldsTobaccdCowpany, being fust 
15 dul^feBS^h. was examined and testified aj follows: 
n EKsssi DIRECT EXAte^flsit 
m yl BY MR. FURR: 

m morning. Dr. Spengle|ffip^| 

(io) Qt Adjust introduced myself off the 
lit] recof®iiy name is Jeff Furr, I represent the RJ. 

I'?] ReytSSffllTobaccQ Company,and I'll be the first 
[lai -pcr^mp&sk you questions today. 

|i 4 ] QP you understand that your deposition is 
[ig beli^^n in a case that is refetred to as the 
l>tt 'BroT^ase' that's pending in the state court in 
[in Mia^ffP^s 
ni ApYtSiJtte. 

(15 Q: Have you bad your deposition taken before? 
roi A: Not in this case, but in other cases, 
h'l Q: In other cascs.And so arc you generally 
pt[ familiar with how depositions ate conducted? 
m A: Yes, I am. 

P 4 | Q: You understand that there will be a series 


HI A: 1 was called by the law firm Stanley 
PI Rosenblatt. 

tu Q: Do you rccaU when you first heard from Mr. 

H) Rosenblatt? 

is] A: Approximately a month and a half, two 
Pi months ago. 

( 7 ) Q: And when Mr. Rosenblatt contacted you, what 
P! did he tell you? 

H A: He asked roe if I’d be willing to testify in 
[in; this particular case, and he explained briefly what 
[in the case was about. 

[iz] Q: And what did he tell you about the case? 
pa] A: He told me that it was a case where he 
[i 4 i represented the plaintiffs in a class action suit, 

Its] which then included 60,000 flight attendants, 
nq against the tobacco industry. 

]i 7 i Q: Did Mt. Rosenblatt make any specific 
pri request of you? 

HU A: No. 

poi Q: What work have you performed in relation to 
pii your involvement in this case? 
m A: I reviewed, and not comprehensively or 
pit thoroughly, the documents that were sent to me.And 
p») I just briefly last night went over parts of the 
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|ii National Academy document on airliner cabin 

Pi environment. 

pi G: So you've been sent some documents with 

Hi respect to this case? 

PI A: Yes. 1 have. 

PI Q: And who did you get the documents from? 

P) A: The law firm. 

I»i GtDidyou bring those documents with you 

« tofiay? 1 
fio) not. 

[11) g: Can you describe those documents for us? 

[1 2 ] A: Yes...! 

[iS 3 Let me intenupt. If Mr. Hoag 

(M] wihts to represent those are the bound documents 
lit] thafchavfclSecn distributed to all gie witnesses in 
im thfc caiii Wc'lJ be happy to accept drat. 

I"1 The 42 document hides/: tf : 

|i«l there's anything else he’s fatnliiaF^tvith - I'm sure 
li*l thK*£w§&4ie's Primarily referrisgto, 
poj THEWJ$*ESS;Yes. 1 X’J 

J PH ^Anj^ien I was also sent 

pa def^^ih/and a book which I did. (jot rcid. 
mg fe^KM^vou reviewed Dr.Bur^Ptggjpition? 
p<j ‘A: About two thirds of it. 

Pag'.nt) 

[ij A: No, I have not. 

H Q: Have you spoken to other experts involved . 
pi in the case? 

01 A: Not since being retained. 

(5 Q: Who did you speak to prior to being 

tq retained? 

PI A: Well, I know' several. I know Don Stedman, 

0 ! and I know Dr. Bums, and I worked with them in the 

PJ past. 

[to) Q: Have you spoken to other experts regarding 
(til the case? 
tin A: No. 

[is! Q: Dr. Spongier, have you been designated as 
,ih] an expert witness In any other litigation involving 

Its) tobacco? 

[iq A: No. 

(i 7 ) Q: Have you testified before as an expert? 

[iq A: Yes. 

[tq Q: What types of litigation have you testified 
pq in? 

pi] A: Litigations involving indoor air pollution 
\m cases, office buildings in particular.and hazardous 
t»] waste sites. 

ptj O; Let’s start with the indoor air pollution 

is sswssss: 


M i^§u rccaU the title of th^g^at • 
pj you wSssent? 1 

PI A: E%abettc Papers orTobacco l^pi^fejiYou 

PI knosi*stjfc|»ne I'm referring to. 

Pi Q:jAre you being compenmtcd foryour work in 

Pi A:j^|am. y f . . j j 

p; Q:islo%hat rate are you beinp^PH^Insated at? 

M A: hour. 

|i(jj ^jHawananv hours have youpSwpSSron the case? 1 

Qn 9 RS$u have further work tra$fbl&eed to 
£ (15 do lri ra$garatlon for testifying in this case? 

g (i«l A:^^ not clear to me. 

[15 Q: pWat do you mean when you say that's not 

!" 05 A: ^^nowing what’s anticipated in terms of 

te [tq my dsgiigKl familiarity with other people's 

uq deix&itinnk, there may be some additional work. I 
w cn don'tlpifttiftip any measurements, I don't plan to 

fj pil do any calculations, but that remains to be seen. 

■«* (S 3 Q: Have you -you told us that you had 

PH reviewed Dr, Bums' deposition. Have you reviewed 
< ■ p*i any other depositions? 

Pag* 11 

[ij cases. How many times have you testified in those 
pi cases? 

P! A: By that you mean testified in court as 

PI opposed to depositions? 

pi Q: Let’s start with testifying in court, and 

[q then we’U go to depositions. 

Pi A: There were two cases that actually went to 
(>) trial. 

iq O: Where were those cases tried? 

[tej A: Here in Massachusetts. 

[iij O: Taking them one at a time, can you tell me 

im what those cases were about? 

HD A: Yes. One case was a plaintiffs claim 
(iq against the Honeywell Corporation, 
tiq Q: What type of claim was it? 

[iq A: It was a plaintiff injury claim that a 
im defective electrostatic air cleaner caused the 
[iq production of ozone and subsequent effects on his 
[tq wife or to his wife, 

pet Q: And what was the nature of your testimony? 
pi] A; In that case I worked on behalf of 

P 5 Honeywell, and we had done many measurements of 
pq ozone Indoors, as well as we examined the cmission 
p 4 ] rates from electrostatic precipitators, Honeywell 

1 ■ 
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lij models in particular, and determined that the levels 
Pi-claimed could not have been achieved, 
pj Q: In that case did you express opinions 
14] regarding the health implications of ozone exposure? 

[$j A: X may have, but that wasn't central to what 
tst I did. 

pj Q:,|>.o yoy have a copy of the transcript of 
l*i yourtesiimohy in that case? 
n A:U®ersQ|fetIiy don’t, no. 

[idl Q: WSilWas the second case that you testified 
,ii] in? 

I’ 2 ! A:^:«z»nd case was- 

im Q^Excuse me, the second indoor air case. 

iui A: j^iat’sjyhat I assumed,That case involved 

[14 a ho^d^^er who was claiming thjat fumes from a leaky 

[i«] undeagtpkipd storage tank, gasoline stofet^|ank, 

[til wcriltt^Efcfting into his bascmen%|P 1 ''' K " 
iu) behalf did you testify? 

(it) Af lt wai' ^ behalf of the deftn^, tj^f„ | 
po) gasoline owj|fet; the station owner, L«JL^ 
pi] Qrwws^fc-»^iat was the nature of ycWresalriony 

P21 

m Antrim 


emiaUy making a sitevis 


[«j determining the kinds of sources tfi 


MS persoriS^g^se, in the garage, withn^Hi^ptea 
PI measuagsiegts that would differemiatEjggjssions that 
13} were Opjduisjg from the gasoline st<j|*0Whk leak, one 
Ht couidn’^cniiermine whether indeedthryhad 
(*! penei&ted jhto the house. 

161 Q: WS^Verc the substances at'issue injhat 
m case? fSW| 

i«) A: Ij^g^orimarity benzene anefother gasoline 
m hydroaroons. 

[io] express any opinions in prat Case 

(ii| regarding]the health implications d^S|j|^^pojuit 
(i 2 S A: NraXglid not. 

[is] Q: ifoyoh have a transcript of your testimony 
iu] in that^iSi^? 

(!4 A: I don’t. 

(isi Q: HMfou also been deposed in other indoo 

A! %Si _ 

[iq Q: aPjfiiili^fecall how many? 
pc? A: There are two others that 1 recall, 
pn Q: But you did not testify at trial in those 
pal cases? 

(*>1 A: No, I did not. 

pt] 0: Have those cases been completed, to your 


gjP^Mimarily benzene an<|bchef gasoline 

g express any opinions inprat case 

health implications ftKaftaflfe osttrcs? 
I not. 

have a transcript of your testimony 


J don’t. 

SSifou also been deposed in other indoor 


[i] knowledge? 

Pi A: One has, and the other 1 don’t know the 
Pi status of. 

w Q; Taking them again one at a time, could you 
pj tell me about the two Indoor air cases that you were 
K deposed in. 

PI A: Yes.Thc more recent one had to do with a 
pj building tn Cambridge, Massachusetts, that the 
P) plaintiff alleged that they were constructively 
[to] evicted because of indoor air-quality-relatcd 

[ii] issues, without going into detail, it gets 

(i!) complicated. So you can ask if you want to follow 
i'Ji up. 

iu] Q: Sure. On whose behalf did you testify on 
iisi in that case? 
ji6] A: The - 

t<7] Q: Excuse me. Who named you as an expert in 
[i*l that case? 

li»i A: The company that managed the property. 

po] Q: What was the substance of the testimony 

p*i that you gave in your deposition? 

pj) A: It really was responding to questions 

pa; related to a whole scries of measurements that we 

pi] had nude during the investigation of the building. 


Paga 14 



Pago 15 

hi Q: And what substances were those measurements 
p] made of? 

m A: The substances included biological 
Hi components such as fungal spores, fibers, volatile 
[si organic compounds, and various engineering 
jq measurements. 

pj O: Was tobacco smoke an issue in that case? 

(tl A: No, it was not. 

js] Q: Do you have a copy of your deposition 
(iq transcript? 

fi i) A: Somewhere. It probably resides In th e 

[1 2 ] files at my company. 

[13] Q: I’m sorry, the files of what? 

I«] A: At my company. 

(is; Q: What company is that? 

[isi A: Environmental Health and Engineering, 
jin Q: Is that the company through which you do 
(iq your consulting? 

[iso A: Yes, it is. 

po: Q: Was there another indoor air case that you 

pi) were deposed in? 
pai A: Yes. 

pj] Q: Could you teU us about that case. 

P4] A: This had to do with a building in 
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Pag*IS 

m California. It goes back quite a while: let me sec 
pi if 1 can recall some of the details. It was an 
PI action uken by some of the employees against the 
hi company that owned the building, so they both worked 
(5) in the building for the company that had essentially 
Pl built the building. 

PI Q: And were you named as an expert in that 
Pi C pdYes.l;was. 

tm khAndJi’hich party were you an expert for? 
pi] fciiiPSte plaintiffs. 

(i 21 !©: Can ypu tell us the nature of the testimony 
[ist ytjjpgggjp^jg your deposition in that case? 

(Ml |fcYfcsT'was asked to review various 
!><l kwujtriayjyglene documents that were prepared by 
(i«t ot&freesau! cants who had examined.the building 
(in w faM^ Hfeagleged exposures werepo^P^. 
mi iSi^d^hat were the exposur^st issue tn 
l'«l 
pfl 

pi) determine 
W 

tws 

P*1 


hat 1 could recoile|t o*^-~ 1 
: recollect, detcrmiii^^ the 
1 saw, it related to a variety of 
t may be emitted ir^tehe#? 
luring remodeling afnd BwSdout of the 
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(<] primarily to review work done by the state 
Pi industrial hygienist and to review building 
Pi documents and building diagrams on how the building 
hi operated. 

(si Q: Was tobacco smoke at issue in that case? 
pi A: it could have contributed, but it didn’t 
PI come up in any of our measurements because the 
l»j building was empty by the time wc were there. 

PI Q: Were you deposed in the case, in the Alaska 
not case? 

in) A: Yes, I was. 

[iZ] Q; During your deposition did you express any 
ini opinions on tobacco smoke contamination? 

[mi A: No, I didn’t, that 1 recaU.This goes 
|i$j back many years now. 

|i«l Q: Do you have a copy of the transcript of 
ini your deposition in the Alaska case? 

|[iij A: No. I don’t. 

tisj Q: I don’t think 1 asked you this: Do you 
poi have a copy of the transcript of your deposition in 
pi] the California case? 
raj A: No, I don’t. 

ipi] Q: You also said that you've testified in some 
P<1 cases involving hazardous waste. 



t’l P^S*! 
PI pfobaj 
pi think t 

H early <i 
PJ Q:'* 


$d again, this is recoUcqjgpj 
i:jhe area of speculation?!^^ 
‘ were some issues having to 1 
sjjons of the ventilation sff# 
were the sources - do yotm 


PI the sources pf the emissions were fjvthe-easc? 
pi A: that they related to sort of * 

H conve nborgl furnishings and coatin^^^ls and 
K ceilin£com^ounds that you might |uid on . 

PH constiSSt^i sites. 

ini Qs rWSwatab acco smoke at issue in thefcasd? 

[izj A: Np, it ^as not. Just for clarificad *t * 

[«i I’m rei&iiting this t recall a third dase, just for 
iMj complfl@Sis)s$. 

[itl Q: Gagjfj^ou tell us about that third case. 

|ii| A: l^cre was a building in Alaska, in 
[ii] Anchc&gjggAbtska, and it was rented by the state, 
li«) and e&gggjtiy at the recommendation of the state 
[»*i eplden^iB^st, the building was closed until fixes 
p«i could be;mad«. 

p<l Q: And what was your tole in that case,in the 
PH Alaska case? 

P»l A: Yes.We had done a site visit, done some 
pq measurements of that building, but our role was 


Pag® 19 

in A: Yes. 

Pl Q: Was that trial or deposition testimony? 

PI A: In one case it was both, and in the other 
M case it was just deposition, 

Pl Q: Did either of those cases involve tobacco 
pi smoke? 

Pl A: No. 

Pl Q: Do you have transcripts of your depositions 
Pl in those cases? 

110) A: Again, they may reside in our long-term 

111] storage files at the company, 

It 2 i Q: Where were those cases located? 
hi] A: One was in New York, Buffalo, New York, it 
im) was heard in federal Court, and the other was in San 
Its] Diego. Excuse me, I take that back.The deposition 
nq was in San Diego; the site in question was in 
[i?i Riverside County. 

H»t Q: In Riverside? 

(tq A: Yes. 

[ 20 ] Q: That’s an area that you’ve done some 
( 2 il research in, isn't it? 

I 22 | A: Yes, it is. 

t»l Q: Have you ever expressed opinions regarding 
i[2*i tobacco smoke contamination in indoor environments 
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|ij in any litigation prior to today? 
r A: No. 

iq Q: And that would include trial testimony and 
HI deposition testimony? 

P 3 A: Yes, it would. 

m Q: And you're not currently working on any 
PI other tobacco-related litigation; is that correct? 
tq A: That's correct. 

PI Could you review for us, or identify for us 
(ioi first, I should ask, the Congressional testimony 
(ui rirMfey^hSive given related to environmental tobacco 
|i$ snwfcein indoor environments including airline 
nag dbins.And when I ask you to identify,I just 
(Hi irigsiiN^>ur recollection, the committee that you 
|itj testified before and the time frame as opposed to 
(it) wlatyopictually said at this poigt. 

(i7) ^T^ifvy n't thought about it 
[in I do recall that my&SP^ther 

[iq vice-chafr of that committee, antttne chair of that 
poi ctyriwMee'and maybe others, di|Y«tify%efbre 
pi] Congrcss.'ffiave no recollection b ^.^ed er it was 
pa Hopts $E0enate or what subco n l « ff a M|was in front 

P <1 p^ihls the Subcommittee 


Page 22 


[ij air pollution too. 

pi Q: A couple of times you have referred to the 
pi committee's findings in responding to the last 
M question.Which committee are you talking about? 

Pi A: I was talking about the Committee on 
[el Airline Cabin Environment, and that is a committee 
Pi assembled by the National Research Council, 
w Q: Do you have copies of any Congressional 
Pi testimony that you’ve given? 

{iq A: I must somewhere in my files. 

[iij (An interruption) 

( 12 ) Q: Dr. Spengler, did you do anything in 

(is) particular to prepare for your deposition today? 

[Ml Ac Other than what I mentioned before, no. 

[iq Q: Did you meet with Mr. Hoag this morning? 

[i6] A: Yes, I did. 

[it] Q: And what did yomall discuss? 

[iq A: In fact, briefly some of the things we just 
[iq talked about, whether I had given deposition before 
pq or testified before, but he didn’t pursue any 
pt] details as you have. He asked me if I knew some of 
pq the other individuals that he had recently deposed 
pat or have been deposed in this case. I didn’t. I had 
[Hi a chance to review oniy in part some of the 
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pi A:% : «9dld have been. I've tesiferd-rerire 

Pi recenplftq a committee looking intoj^gtion health 
w and sptupssues. sgjP^ 

M A:6ffyo| can tell me the time fcanterlx. 
m can.3»^ . j 

« actually interested in aigH# 

w Congressional testimony that you've ever given on a 
iq numbffilfsubjects beginning w-khio&issto smoke, 
in A^ : p^lecollectionisthatyoiidid|esti^yone 
i 2 l timeWjs&es related to environp^w^sbacco 


lid have been. I've tesd&rd-r 
l a committee looking intoj^ 

Issues. $ 0 ** 

| can tell me the time frame; 


w Congj 
|iq numb 

[121 rimel 
[iq smoki 

(iq Ai j^o. Weli, it wasn't that ipecifically. I 

[tq tell ycWfaoi rather sure that members of the 
(iq corafptte^ myself included, did testify about the 
[it] findiSp^Pthe committee, of which tobacco smoke 
[i«I was jjSEOtBponent. I could be corrected on that; I 
(iq q-jca&.tb crifcay ere press hearings and there were 
pq s eve ra fofh e rth in gs going on. But I do not ever 
pi) recall going to Congress to specifically talk about 
psj tobacco smoke in any circumstance. It's one of 
pq several indoor pollutants, and it may have been 
P4i mentioned in testimony that IVe made about indoor 


(ij materials that were prepared by the Environmental 
pi Protection Agency in response to their document 
Pi about passive cigarette smoke effects, lung cancer 
iq and respiratory effects, and so forth. And that was 
(si a multi-page document; 1 just read the pan on 
Pi epidemiology. 

in Q: And is that a document that Mr. Hoag 
iq provided to you this morning? 
pi A; Yes, it is. 

[ioi Q: Have you ever reviewed the full 
ini "Environmental Protection Agency Report on 
nq Environmental Tobacco Smoke and Health”? 

(iq A: IVe read parts of it but did not review it 
Ii4] as an outside reviewer. 

[iq Q: Was there anything else that you and Mr. 

[iq Hoag talked about? 

[it] A: I asked him if he knew who would be taking 
iiq the deposition, and he couldn't be sure. 

(is) Q; Anything else? 

pq A; I'm trying to think, Oh, yes.We talked 

( 2 i) about -1 asked,actually, what the defense's 

pq strategy was,and he related to me what he thought 

pq it might be. 

P4j Q: And what was that? 
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it) A: Well, yau know it better than I do. 

m Q: I’m open to enlighten myself here, 
pj MR. DAVIDSON: We would just like to hear 
h; it from another source, that's all. 

H A: Just that in these cases that the issue is 
m to obfuscate and to say there may be lots of 
m contributing causal factors, and that it would be 
n difficult to identify one specific cause, and that’s 
h the gist of the strategy which we talked about, 
iiq ,J): W^s there anything else specifically that 
pi! be told y§u? 

( 12 ) ^Ar W fcjialked about the airplane environment 
(i3i and ; Yer things that 1 might know about. So ask 
(it) yoiir question now. 

(is) jggBi$gslcnow a lot about other things in the 
lit) ^plane environment, don’t you, Dr. SpengJcr? • 
(in 1 k»p w a few things, yes. 

{i«l f&fej^been one of your areaS'OCjntcrest for 
im hasn’t it? s 

pq ^A: YCMt has. 

pil ; .ffc D$:$penglcr, I'm not goin&te maricsthis at 
( 22 ) this poin^jbut I'm going to han<| yerfa document 
pi) thf^.wa^rovided to us by plairpE^iiticopy of 
R4) y^Sf -igpriculum vitae and ask you to take a look 
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interest for 

maricsthis at 
ifFS' document 
iitiSfscopy of 
to take a look at 


[i] present in your CV? 

12 ) A: Carbon monoxide exposure. 

Pi There are some things that have been 
ki published since this was prepared. 

P) Q: Can you identify those for us. 

W A: I was an editor along with Richard Wilson 
pj on a recent publication entitled Particles in our 
pj Ain Concentrations and Health Effects published in 
iw late 1996 and distributed through Harvard University 
(to) Press. 

(ii) Q: Did that involve - did that publication 
(i 2 ) involve indoor air? 

(i3i A: Yes, it was discussed in some of the 
in] chapters. 

ii$) Q: Did this publication report on original 

iiq research you had conducted, or was it in the nature 

(iTi of a review? 

(iii A: The book included a broad range of topics 
(ii) related primarily to concentrations, composition, 
pq exposure and health effects of outdoor air 
pi) pollution. 

p 2 l Q: Did you discuss tobacco smoke in the book? 
pa] A: One of the chapters, not one that I wrote, 
p»j did refer to tobacco smoke. 
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[i] A: Yes. 

ft Q: And that research addresses the attribution 
Pi of indoor particles to tobacco smoke in part. 

Hi doesn't it? 

It] A: Id part, that's correct, 
m Q: Using your CV if it's helpful, could you 
in describe for us, as comprehensively as you can, and 
Pl again, I'rff^ust asking you to identify, the 

ividuayprojects that you have been involved with 
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[iot me 


• particles in indoor air including 


eQjdtonmcntal tobacco smoke articles, 
svi- v,c lean attempt to do that. 

_you do that for us. 

% 1 stand corrected.This is updated; it did 
": publication! just referred to, sorry, 
Spengler, editors. ; 
ngler, just so I make^pnlnft you 
my question, now l’tii asking you to 
ie research you havtrd,Q|>e'lf there 
ns related to that r ^ sgjU^J'd 
you pointing those om^ttHHirat I want 
research, regardless you have 

■n it or not. Okay? 

Correct. Let me use my res 
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nil 

pa] 

[131 

(Ml 

nn 

[It! 

IU] 

;l'«l 

PS] 

|M1 

P'l 

pea 

£23! 

p<t 



0 ^ , 

A;^Pa guide to that. And this 
Pl chronologically backwards. We 
HI partieS&fcitposure Study that wasp 
in Rtvcri^dcXalifomia.and iis predi 
t$i studyfcw^vas done in - recent in South 
Sn and around the to' 
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dora and 


hat was your role in figpi#? 

$ a collaborative study between 
my colleagues and stafifahv researchers 
earch Triangle Institute, and there were 
rators. My specific role was in the 
e implementation and the analysis of 


ps] that&idy. 


['«] QtjAsdifcow did it relate to tobacco smoke? 
pn A: WgJ^’it related to tobacco smoke because 
p») we v|e'rel|tctnpiing to identify the sources that may 
!'*) comiiS(^e : 3^%>ersona! exposures to particulate 
po) matter and wanted to make sure we could correctly 
P >1 attribute that particulate mass to several of the 
P 2 ) primary sources, which included tobacco smoke, 
cm Q: So in that study did you make 
[ 2*1 determinations with respect to the contribution of 


P) 

E23 

PI 

HI 

H 

Hi 

PI 

[•! 

PI 

[ 10 ) 

PH 

1123 

[1* 

P*1 

PS) 

P«1 

I'U 

P«J 

P»1 

1201 

[2'I 

[ 22 ] 

P3J 

P*1 
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environmental tobacco smoke to indoor particulate 
levels? 

A: Yes. In the analysis we made a calculation 
as to how much of the exposures the people received 
may have come from other people’s cigarette smoke. 

Q: And have you published those results? 

A: Yes. 

Q: Is that publication listed in yourCV? 

A: Ycs.The results should be included in a 
publication with the lead author my staff assistant, 

Hatuk Ozkaynak, published in 1 996.And it should 
also be referred to in two other papers, one with 
the lead authorThomas published in 1993 and Clayton 
published in 1993. 

Q: All three of those publications relate to 
the same study? 

A: Yes. 

Q: Who is the custodian of the data collected 
in that Study? 

A: The Environmental Protection Agency. 

Q: Do you have a copy of the data that you 
have access to? 

A: Yes, ycs.This is in the public domain 
too. 


Pag® 31 

Q: The data are in the public domain? How 
would 1 go about obtaining a copy of the data and 
any supporting documentation I would need to analyze 
the data? 

A: The entire study is described in a 
multivolume set, and it has an EPA publication 
number on It. And I don't know who’s responsible 
for distributing the diskettes with the data in the 
electronic format, but it would either be the 
principal investigator of the prime contract, and 
that would be a Dr. Edo Peliizzari of the Research 
Triangle Institute, or the principal staff scientist 
for the Environmental Protection Agency, which would 
be Dr. Lance Wallace. 

Q: But your understanding is that that data is 
in the public domain now? 

A: Yes, it is. 

Q: What’s the next study, research project 
that you've been involved with that is related to 
tobacco smoke in indoor environments? 

A: There were a scries of publications that 
came out of our study on air pollution health 
effects that is commonly referred to as the Six 
Cities study because six communities were involved 
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|ij A: Almost all of them have been under the 

Pl aegis of the Six City study, and so they became 
a subcomponents of those, with the possible exception 

Cl of some studies conducted in the early 1980s, late 

Pl 1970s, with funding from the Environmental 
t«| Protection Agency. 

pj Q: Doctor, is it fair to say that you rely 
l»l upon the studies that you've been describing as a 
pi basis for your opinions regarding environmental 
iiq tobacco smoke exposure in indoor environments? 
ini A: No, not entircly.no. 

[iai Q: But in part? 

(i3j A: Along with a body of literature that has 
lu) been published by other investigators, yes. 

(isi Q: You do believe that these studies that you 
tie] have described have contributed to your 
[i7] understanding of environmental tobacco smoke 
[in exposure in indoor environments,don't you? 

|i» A: Let me answer It this way: The sc studies 
po] have helped us to understand the contribution of a 
pi] variety of sources to both indoor levels of 
f a] particulate matter, as well as personal levels of 
p)j particulate matter,yes. 

p*i Q: And that would include the contribution of 

till 

• 

cl estij^»K 3 is;pf the contribution oftobaccojsrnoke to 
pj mitidcstofoe indoor environme^P^^ 

ci Q: /§|i & fact, you have reported^i^t in 
n some WmH publications, haven’t 

Pi Q: 9?hp;ii, the custodian of that data, Dr \ 

PI A: *fllllL>uld be Dr. Douglas 
im Q: have access to the <!|^|| 

in) I could,yes. ■ 1" 

cti O: fetSSi have a copy of the 
|ii| custo<^*|fw? ■ ■ 

l<£j Q: Ajetheic other projects related - 

(>q research projects related to tobacco smoke that 

on you'v^gs^rmed? 

lit) A: say. by way of generality, that all 

nil studieinlihwhlch we measured personal exposures to 
pc) pardc^BK^Swiiild have included exposures to 
pi! panicles generated by tobacco smoke. 

P 2 j Q: Other than the ones that you already 
pal identified, how many additional studies like that 
p«l arc there that you've been involved with? 

Page 35 

(i] tobacco smoke to indoor and personal particulate 

Pi matter exposures? 

pj A: I'm not sure I follow your question. It 

W seems a bit circular. So why don't you ask it 

Pl again. 

DG] Q: Sure.You said that these studies have 

P] contributed to your understanding of a variety of 

It] sources of indoor air exposures; is that correct? 
pj A; Correct. 

no) Q: And my question is, tobacco smoke would be 

[ii] one of those sources that you have come to 
( 12 ] understand better through these studies; is chat 
[«l correct? 

(Mi A: You just want to put a fine point on it. 
ns; a: Right. 

[it] A; Fine, yes. 

(i7] Q: Are there any other research projects on 
(ii) environmental tobacco smoke exposures that you've 
[iq been involved with that we haven’t discussed yet? 
r») A: Two others come to mind. 

PM Q: Could you identify them fot us, please, 
pz] A; We assisted our coauthors and 
pj] coinvestigators in measurements of particles in 
pt] restaurants that had partial separation of smoking 
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[ii and nonsmoking sections. 

H- Q; Is there a publication in your CV related 
p) to that project’ 

M A: 1 believe there should be. Yes, there is. 

< is] Q: And which publication is that? 

PI A: Its lead author is Lambert on Page 17. 
n Q: Okay. Is there another project? I’m 

TO sorry, let me follow up on this.Who has custody of 
pj the data collected in that study. Dr, Spengler, the 
l<q I-a&ibcrt study? 
iij Lambert would, 

[i? <jjk Do you have a copy of the data? 

(i4| ^tJSwIyou identify the second additional 

Its) ETy’exposqre research that you recollect about. 

|iq A^^g^was a Study that was done, it must be 
[i7] at fe^|Kn.years ago or so. I'm tryinfcattefind 
tin the stifSflbte that would describ^pnOtliad to 
liq do'^th^grvey of office buildingsin the Boston 

pi] Q: Was Spncthlng in fact publi^^^^hat 

pq y^^jhere was. I found it now?6n i$&e 
, an l4g!oai author was MiesnenlheWoi^h 

Pago 38 

I'j and we’ll get to talk about them. 

PI Q: Earlier today you told us that you asked 

PI Mr. Hoag what the Defendants' strategy in this case 
til was. Why was that of interest to you? 
iq A: I’ve been involved in a number of cases, 

Pi and maybe I'm just curious about legal positioning 
[7] and what I thought were areas that you might be 
gq probing into. 

PI Q: Did you discuss those areas with Mr. Hoag? 

[10] A: Yes, 1 think we did. 

[11] Q: And what were those areas? 

[ij] A: The areas were radiation and ozone. 

[iq Q: And why did you think those were areas that 
[i«] we might probe into? 

[iq A: I don't think I thought that. I said in 
[tq his experience in other depositions that he was 
[17] listening to or taking part in, those areas had come 
[iq up. 

[t*0 Q: We have been talking about the original 
[jo] research you have done on that would include the 
pi] ability to assess ETS exposures indoors. Have you 
pa) done any original research regarding the health 
p3] implications of those exposures? 
pi] A: No. 

i - 

pW§£ Wil 


a ‘ Page 37 

ra Q: fefjsjjjplngler, do you have polSs^^^ 

! pj either.personally or in your company. :i g^So your 

! W academik-tipattment, of any data^^^g| contain 

Pi the raw/tfsito that has been conduced in any of the 
| ED rcsear^mjtt you’ve described? 

t*l Q: fPP|ow talk about your re^^^-four 

! ,0 i Could we take a br^H^t^ld 

[13] 

[n] BY MR, FURR: 

[iq Q: QtSpengler, my first question is, did you 
nq meet vyhhffcfr. Hoag during the break? 

[it] A: Yejr' ' 

(iq Q: A®r«$iat-all did you discuss? 

[iq A: ’p: disc-.': sed essentially where you were 
cun heading with all thcse-quesuons.That’s what we 
pi] talked about 

P 2 l Q: And what did Mr. Hoag tell you? 
p3j A: He said that they have it all in front of 

P*l them and they’ll eventually get to these articles 

Page 39 

PI Q: Would you now describe for us as 

Pi comprehensively -1 should say identify for us as 

Pi comprehensively as you can all of the original 

Hi research that you have participated in involving the 

B airliner cabin. Again, use your CV if that’s of 
w help to you. 

Pi A: Fora number of years out of my own 
[i] curiosity I used to carry around portable sampling 
iq equipment to make my own measurements for my own 
[ioj information, and that probably was in or around the 
[tij time that the National Research Council committee 
[in was meeting. 

ins Q; Was this pan of a formal study or just 
[iq something you did when you flew? 

[iq A: It’s something I did when I flew. In the 
iiq last few years we were contracted by 20/20, ABC 
[iq News, to make measurements on a series of flight 
(i«l segments, domestic flights. And then more recently 
(iq we had completed a comparison study among various 
pq modes of public conveyance, which included 
pi) airplanes, trains, buses and subway systems. 

P 2 ! Q: Beginning with your pe rsonal study in which 

123] you carried around some portable sampling equipment, 
pi) did you ever publish the results of those 
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1*1 measurement? 
h A: No, I did not. 

Q: Do you still have those data? 

A: No, I don't. 

Q: What happened to them? 

A: These were digital readout equipment, and I 
m would just make handwritten notes of the 
N concentrations that 1 was measuring and never kept 
Pi those notes. 

1 &: Dithnot keep them. 

; A: No. | 

. . respect to the 20/20, ABC News, 

ti3i research project, have you published a scientific 
in] 9 ftjCj^ 04 |he data collected In that project? 

liq 0 ; Do you intend to? 
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PI 

HI 

H 

Pi 


i’«l 

l"l 

H21 



| work in progress now? 

Ygujlo have possession of I a, don’t 

A: Yes.#f 



you be willing to pri 



sc for 



lij particulates, and we did additional measurements of 
pi volatile organic compounds and biological samples, 
Pi both airborne and in dust collected from seats. 

W Q: Who funded that research? 

[si A: Boeing. 

in Q; What did you find with respect to 
PI particulates? 

i*l A: 1 found the levels were very low. 
pj Q: And what were the levels that you found, in 
[i«l an arithmetic mean, first of all? 

Mil A: I can't remember what we calculated for 
[in arithmetic mean. I can tell you the range of values 
[is] that I can recollect. 

[Ml Q: Okay, 

[i5i A: On the order of 5 to 30 micrograms per 

liq cubic meter. 

tuj Q: How many samples were taken? 
ini A: There were -1 believe there were six 
n*i flight segments. 1 do not think we measured 
eoi panicles on the last two segments, so probably 
pi) measurements on about four segments. 

[ 22 i Q: So four flight segments on one type of 

P3| aircraft? 

p<l A: Correct. 
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A: No. t 

lot? 

e yet to publish the 
:e sure that we have the 
inal research and subi 
process. 

spect to the comj 
es of public - 
A: $8®$^yances. 

yances.Itakeittho 
nces included airliner cal 
Uy, the 777. 
obtain original data 
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Id I 

tunity to 

rthrpugha 





have possession of those data? 
you be willing to produce those data 


; of data did you obtain on the 


111 ] to us? i 
nq A: 
r») Q: 
pu 777? 

pj) Ar We obtained measurements of carbon dioxide, 
pm carbon monoxide, temperature, relative humidity, 
iwj pressure, occasional measurements of noise and 


ni Q: Did you simultaneously assess the 
PI ventilation rates on that aircraft? 

PH 
HI 
[S] 

HI 
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A: No, we didn’t. 

Q: What method or analytical process did you 
use to measure the particulates? 

A: We used aTSI dust trap, which is an 


Pi optical particle sampler. 
pi Q: Did you say that, as you sit here, you 
M can’t recall what the arithmetic mean of the 
liq particulate measurements would have been? 
do A: The way we typically operate that 
liq instrument, we put it on a one-minute averaging 
liq sequence.You might sample every second, but then 
im| it keeps a one-minute average. So we get a record 
nq of one-minute values and plot the trace.Wc could 
[i«l go back and recalculate what the arithmetic mean 
liq was, but at this point we haven't done that, 
liq Q; Now, th is was done for Boeing; is that 
[is] correct’ 

p«l A: That's correct. 

pi] G: And why did Boeing want this done, or 1 

[si should ask you, what were you told about why Boeing 

p3] wanted this done? 

A: Well, we made the proposal.The proposal 


mi 
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[i] was to develop a set of comparable measurements in 
pr various modes of transportation, so that the levels 
m of all of these parameters measured on airplanes 

Hi could be put into context. 

IS Q: How did you select Boeing as the recipient 
ic) of your proposal? 

IT) A: In discussions with them they said that 
(i) they would entertain such a proposal, 
m OrHowjpiuch did the study cost to conduct? 

[ioi A: AbouJ$70,000 to $80,000. 

;it] fk ^Sf'hot was the study performed? 

[it) ^.Beginning last May of 1996, with the last 

[is] sefi.ofxM|Sdrements made in December of '96. 

|M] you think this study would be of 

lit) arc several reasons, but there was 

ini a Sp t '• ilttce on Aviation Vendlatij^^et up by 

ini thnffiKil, American Society fo^Prc^jL 

[i*l Refrig^raiiQn and Air Conditioning Engineers, and 

m th«TOHTO^ee was charged wdtlffg^defining 

pii research fifSds as well as what sj^ig^tilation 

pq reqfiiBf.pM^its might be neccssaryl^f ilif&nes. And 

pil so it.w^jlipan - strike that. Boeigsfis^ll as 

(24) a other companies hamembers serving on 
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[>l logically be concerned about the design issues 
pi relevant to health and comfort and safety,as well 

Pi as obviously energy and other considerations of 
(4) their aircraft. 

Pi Q: Did anyone at Boeing ever express those 

Pt concerns to you? 

pi A: Not in so many words, no. 

PI Q: Did they express these concerns generally 
(9) to you? 

[ioi A: Probably the best way to say it is, Boeing 

HD has a new research initiative that has just starred 
[i 2 ] to explore the possibilities of improving the 

[is] comfort to passengers and flight crew on airplanes, 
lit) Q: Is this initiative also related to health 

[in concerns for passengers and crew? 

(it) A; As far as I know, there was - 

[17] MR. HOAG: Objection, Unless he has it in 

PA his personal knowledge, 1 object to his ability to 
[i*j answer- 

pc] MR. FURR: That’s been an ongoing 

pi] agreement. I think the Doctor understands that. 

[ 22 ] MR. HOAG: Well, his answer implies that he 
(Z3) didn’t have personal knowledge; that's why I’m 
p*i objecting. 

^ pJJJ| 


;— NN 

Hi ths^P^lSjimittee.So it was in Dirtafgying to 
( 2 ! provi&^j*$iitional information to'lKai/subtommitte t 

Pi and tq. : Bpcing and to the industry aj ^Ssthat we 

Kl unde^^&is study. 

Pi Q: said there were several reasons %vhy you 

it] felt BqeirjgJnlght be interested in^Kestudy.Were 

Pi there aacntjpnal reasons other you 

n just d<s^SBfed? 

N A; E&jS&i had - let me strike thafcroatfe 
[i« doqlcMqw|what Boeing's stance wH;Wfere's been a 
lit] cot^^^ilcries of complaints a^^y^bt 

[is] attendifi&SShade through their unillffifl&Sirt the 

Hal qualitjsfliiSiviionments on airplanes. 

[U| Q; you know that’ 

(it) A: TEfy told me. 

(it) Q: i^fe^ry, who's told you? 

[i7) A: fveneard it by direct testimony before 
[i3j Congd£$£ t£id I've heard h from talking to people 
[is] in the^slS^d talking to flight attendants who 
r») were active in the union, 
pi] Q: I'm sorry I interrupted you. Please go 

( 22 ) ahead. 

[») A: Well, that being a backdrop, Boeing as a 
p4j manufacturer of aircraft equipment I think would 
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in Q: Go ahead, Doctor. 

pi A: I assume from what 1 know that ic includes 

pi all aspects related to the interior environment of 

Hi aircraft, which would include health, as well as 

isj comfort, as well as safety. 

is] Q: Did Boeing fund the study as you proposed 

Pi it, or did they make any changes in the study? 

Pi A: I can’t recall in detail.Wc did discuss 

M the content,and there were some modifications made. 

[in G: And what were those modifications? 

[ti] A: I think -1 don't recall in detail, 

l«] because there was son of a dollar limit, so we had 

(in to make choices on how many samples that we could 

(i4j make and where we could make It. I think it 

(isj resulted that we, to meet our budget constraints, 

[ioi did most of our measurements of the ground 

Ii7i transportation in the Eastern Corridor.And they 
pi] a bo wanted measurements made in the public transit 
in) system in Los Angeles, and wc said, "Sure, we can do 
po] that," because one of the flight routes of the 777 

PD goes to LA. 

P 2 ] Q: Did you propose to Boeing that you measure 
[23j contaminants or parameters other than those that you 
p4) ended up measuring? 
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pi A: I don't quite follow that. 

R Q , Let me ask it a different way.When you 
pi made your proposal to Boeing, did you propose that 
w ozone be measured aboard aircraft? 
l$l A: Good point. In that list I should also 
n include that we made ozone and nitrogen dioxide 
m measurements. 

M Q: I’m sorry, did you say nitrogen dioxide? 

M A: Yes. 

sffc Ditfcyou propose to Boeing that radiation be 
ured aboard the flights? 

# 

y not? 

liy had our hands full with all these 
, and I wasn't - well, I just couldn't 
[iq ther parameter. 


rectable 
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did you find with re: 
easureroents* 
und that the levels wi 
all except very few samples.TBey were 
blc on the airplane saPf* 

; Yoi^cre not able to meas- 
m apM^mples? 
pq fA: 




in 

p) 

a 

w 

pi 

pi 

m 

w 

pi 

(101 

nn 

t«i 

im 

115) 

(15) 

inn 

i«s 

i'#» 

l»l 

PU 

K) 

psi 

pn 


0: Did that sui 
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t did you find with res; 
dentified some 20 to 30 
item above detection 
led the data in front of 
jthe specific findings. Seam-’ 
i¥, some things -were higher on ai 
n somf88KB$s were higher on trai 
(iq wcrchightron buses. In h a. I 


mt compounds were higher on turpi 
U 2 ] nfSSiSi'i«®t)ransportauon. 


m quai 
iq WOUli 
P) able 
w in gei 


tm Qs 

[iq A; ‘ 

[iq cthyf 
[iq Q- 

[17] to i 
[1*1 A:s 
im ago., 
poi Q3 
pil A:Pj 
pq Q: Why not’ 

PJi A: Because we’re under contract with Boeing, 
pq and they have to have a chance to receive the report 


f were those compound 
r were isopropyl alcohol, acetone and 
llcoftol. 

f you reported the results of this study 
t report -was given to them a week 
u produce that report to us? 
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and comment on the report and have us respond to it. 

Q: What were the components of that draft 
report? 

A; The components included the summary 
findings of some but not all of those parameters 
that I mentioned, because we haven’t completed the 
analysis forothers.And we provided the traces for 
all the continuous parameters that had been measured 
for all 2d transportation segments and a description 
of methods used. 

Q: Did the report contain a discussion 
Section? 

A: No, not yet. 

Q; Is one being developed? 

A: It will be. 

Q: Did the report contain any discussion of 
the implications of your findings for the comfort 
and health of passengers or crew? 

A: That will be included in a discussion in an 
interpretation section. 

Q: That section has not been drafted yet? 

A: It has not been drafted. 

Q: Is it a work in progress? 

A: I hope so. 


PagaSI 

0:1 understand you’ve submitted the draft 
report. Has your written report - have you also 
reported verbally to Boeing officials about the 
study? 

A: Yes. 

Q: In those reports, have you discussed with 
Boeing officials the comfort and health implications 
of your findings for passengers or crew? 

A: In part, yes. 

Q: And what have you told them? 

A: Well, I told them two things I guess that 
would relate to your question. One is about the 
carbon dioxide levels, which tanged between - let’s 
just put it this way to say less than 1,000 parts 
per million on fresh air systems once through 
ventilation systems, to 1,500 or so with planes with 
ventilation systems that included recirculation, and 
levels higher than that during boarding periods. 

So in the process of trying to interpret 
what those carbon dioxide levels might mean, 1 
showed them some data that had been recently 
reported on investigations of health symptoms and 
performance among schoolchildren in comparison to 
the carbon dioxide levels measured in their 
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[,j classrooms. And we used that by way of trying to 
pi* interpret whether they were in a range where 
pi cognitive function might be altered or symptoms may 
t»i be altered. 

PI Q: I’m sorry, I didn’t mean to interrupt. And 
m what were your conclusions in that regard? 

A: We didn't draw any conclusions, only to 
w pdiwt out that this study that I was making 
W reference Jo was the only one that we could find 
(ioi thxtdenRbristjatcd effects at concentration levels in 
|ii| thgXfoO to 5,000 parts per million range, which is 
tin bftowftlpcstablished occupational level, 
un pK^^^an you identify the reference article 
|ui ilsttyou compared your measurements to with more 

U«l recall the lead autho^naamci It 

im Swedish - excuse 

lit] investigators that reported in the^nteraational 
|i«i cj M i ^ S iS iiUiat was held in Nagoya, JapSih, in July 


h«l a: tics 
(IT) ttiisiiS 
im inv tsti|jj 

poj of 1996. 

pi| A: Sut 


>u have a copy of that; 
d you produce it to u 



Pi - Q:s:oira|wim was Boeing 1 * re$p&SM^thai 

Pi A:;Tdori't recall any specific reaojgliP’ 

[<] Q:^&Slaid you reported two SiiRgs^them, 
isi and y6u identified the C02.Whae,w^tiie second? 

Pi A:i^hc5Second one had to do with the • 
pi perceppgg of acceptability of aira^jt$|i 
w relati&SfiStb to temperature and ffiSfilifity and how 
n that ateipiabUity would then be with the 

tm adffi&t^jpresence of sources ofcf&jir. S 

tl1! ^ y°« «po« wW8l# tat 

on regards* ' ? 

(isi A: imported to them what looked lik c sort of 

(>«] the ftadaeAental findings of that investigation which 
|iq was done in Denmark indicated that at lower entropy, 
l«l whic aasah is case would be lower relative 
im humlitoiesjthat the Introduction of odorous sources 
in) of vc£«fieiprganlc compounds would be perceived as 
n*l degrediagUs^ acceptability of the indoor 
l»j environmental air. I also pointed out that these 
tail investigations covered a range of conditions that 
psi were likely to be found in office buildings but did 
tm not extend down to the range of conditions that were 
p*i encountered on airplanes. 
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ft] Q: Has Boeing indicated to you what they 
p) intend to do with this Information? 

Pi A: No, I don’t. I can say they certainly have 
W inquired about Intention to publish it and 
H encouraged us to do so. 

W Q: Who was the proj ect officer at Boe ing that 

PI you dealt with? 

laj A: William Spann. 

isj Q: How high did the C02 concentrations go 
Its) during boarding? 

I»H A: 2,000 to 3,000 pans per million, and of 
(rzj course it varied. 

(tj| Q: What arc the increased measurements of C02 
nil during boarding attributable to, the sources? 

(is) A: I think the sources are primarily the same 
(tq and were the same as during cruise operation; 
t it] namely, the C02 exhaled by people, which would be 
(u; passengers and crew, and the fact that during the 
(tq predeparture, ventilation rates arc typically lower 
poj than during operation, 
pi] Q: You’ve identified the two issues that you 
[ 22 ! reported on the Boeing and told us that the written 

[23] report regarding the comfort and health implications 

[24] of your findings is still being drafted; is that 
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(ij correct? 

pj A: Correct. 

p) Q: As you sit here, have you in your mind 
(4j concluded what types of points that you intend to 
pj make in that written report that you haven't 
isi discussed already? 

p] A: Other than the two that I mentioned earlier 
tq that we have verbally reported? 

Pi Q: Yes, sir. 

nog A: We will have some conclusions and 
tti) discussions to relate concerning the biological 
tin measurements. But as I sit here today, I don’t know 
(iq what we're going to be able to conclude from those 
(i4] measurements yet, only because my colleague, who is 
iisi an expert in microbiology, and I haven't sat down to 
liq discuss the results, 
im Q: Is that D r. Burge? 

(iq A: That's correct, 
jtq Q: Anything else? 

( 20 ) A; No. 

pi] MU. FURR: Excuse me one minute, 
pal (A pause) 

raj Q: Dr. Spengler, you identified three original 
p4] research projects on the airliner cabin environment 
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[i! found? 

Pi A: I believe they were in the high 100s, maybe 

PI 200, up to 200 parts per billion. 

PI Q: Do you recall what percentage of the 
tsj flights that she sampled exceeded 100 parts per 
pi billion? 

pi A: Something on the order of 15 percent 
i*i Q: Do you recall the arithmetic mean of her 

PI measurements? 

I<q A: No. 

in] Q: Who has these data. Dr. Spengler? 

[in A: 1 do. 

iisi Q: Would you be willing to produce them to us? 

[hi A: Not immediately, no. 

[is] Q: And why is that? 

lit] A: Because I'm planning to write this up with 
[in the person who did the study. 

[i»i Q: What was her name? 

(«) A: Susan Ludwig. 

pen Q: Who does she fly for? 

pi] A: I'd rather not say. Do I have to say? 

pa] MR. DAVIDSON: Yes. 

123] A: I do? WcU, just for her sake. Do I have 
p»l to answer that? 

■^.;V;HI^2 1 M .. M 
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ui Q: Well, I'd like for you to. I can't make 

P) you answer it, but there's no basis for - 
P] A: Because when we write it up, we're not 

M going to attribute it to any particular airlines, 

is] only to say that this is an issue that has to be 

it] looked at. 

Pi Q: Well, who docs she fly for? 

(13 A: Northwest, KLM. 

Pi Q: Did Northwest know that this study was 
(<o] being undertaken? 

I<i] A: Officially, I don't know. I doubt it. 

(in Q: So to your knowledge, she did not inform 

da] her employer that she was making these measurements? 

[14] A: To my knowledge, she did not. 

(is) Q: What type of measuring device did she use? 

[it) A: Passive diffusion sampler. 

[it] Q: You're going to have to help me here 
[it] because I’m weak on this. Was this a continuous 
tut) measurement or were there - 
po| A: No. 

pil Q: - time samples? Could you explain what 
(a; she did. 

pa) A: The sampler relies on time integration 
[24] exposure in whatever environment you want to 
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to sample. And the ozone diffuses to a chemically 
pj* treated filter, and then it reagents on that filter, 

PI and the derivative products are then analyzed. 

PI Ot Okay.That's a fourth original research 
pi project that you recall. Are there any more? 
m A: Yes.there is one more, 

pj Q: I'm sorry, Doctor, let me ask you another 
m question first.Was she able to derive information 
pj ft^ffn these measurements that would be relevant to a 
" ne-weigjjted three-hour standard? 

: of the measurements were exposed for a 
t« 2 j shprier duration; 1 believe three hours was the 
l»i 

f ; do you recall what results she got for 
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lit) time measurements? 



vc to do is 

igration 


at's part of what we 
1 the data based on the 
jrtes and time of year. 

|nk you.You were aboufto identify for 
anginal research pro|&C! 

A: Yes.^e assisted Quantas. 

ar measurements o: 
i that study done? 
ately two years a: 


aranda 



pi 

pi 

Pi 

HI 

PI 

W 

PI 

[S] 

PI 

[ 10 ) 

in) 

I'*) 

|I3] 

[Ml 

(IS] 

I't) 

l«] 

im 

taoj 

P'l 

mi 



Page 61 


|l] hi 
PI 

Pi A: 

HI that 
fi) Q 
is) airlii 
pj A: 

is) Q:pHii^|ny longer. Go ahead. 

y't get that by you, hi 
use samplers to somei 
ho then conducted thi 


ould you describe th 
entially prepared those 
d in the anonymous 
try, did you say the * 

> ?"■ 


rus. 
implers 
idy and - 


m A: 
hoi We 
(til 

mi stud; 

113] Q: 

[mi A: 
lis) Q 
|i«l it co 
(it) Qua 
[i«i A:, 

[i>i anal; 
pci Q: ! 
pil results? 

P 2 ] A: Virtually no ozone detected. 

pa; Q; On any of the samplers, no ozone? 

p<] A: I recall that these were either nond etects 


ure 




many samples were taken? 

Ilect something on the order of 50. 
it to make sure I understand this. Is 
at you sent the collection devices to 
ithout analyzing them yourself? 
ey sent them back and then we 

i. 

it did you find; what were your 
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Or extremely low. 

Q: And are you in possession of those data? 

A: No, I don’t have them. 

Q: Who has them? 

A: Well, we sent them back to Quantas,or my 
engineering technician, I put him in charge of 
that. It was just a small-scale project. 

Q: Would your engineering technician have 
possession of the data? 

A: He might. 

Q: And what's his name? 

A: Thomas Dumyahn, D-u-m-y-a-h-n. 

Q: Okay.Any others? 

A: No. 

Q: Any other original research onthc airliner 
cabin? 

A: No. 

MR. FURR: Let's mark this. 

(Document marked Spengler Exhibit 1 
for identification) 

Q: Dr. Spengler, you've been handed an exhibit 
which has been marked as Spengler Deposition Exhibit 
1, which is a letter that we received from Mr. 

Rosenblatt disclosing you as an expert in a case for 
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the Plaintiffs and describing the testimony that you 
were expected to provide in the case, Have you ever 
seen this letter before? 

A: Yes. 

Q: Did you draft it? 

A: No. 

Q: When did you first see it? 

A: This morning. 

Q: Is there anything in the letter that you 
disagree with with respect to your testimony, other 
than the first paragraph? 

A: (Witness reviews document) No. 

Q: You say you first saw the letter this 
morning. Had anyone discussed the contents of the 
letter with you prior to this morning? 

A: Yes. 

Q: And was that Mr. Rosenblatt? 

A: Yes, it was, 

Q: And did he call you to obtain your approval 
of the disclosure statement? 

A: No. In my discussions of where I might be 
useful in this case, we went over these issues. 

Q: What did you tell Mr. Rosenblatt about 
where you might be useful in the case? 
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IH A: I think it was the other way around. 

PI Q: Okay.And what did Mr. Rosenblatt tell you 
Pl about where you might be useful? 

14 A: It's in the area of being able to testify 
PI as to the levels of particulate matter, specifically 
to tobacco-related participate matter, that may be - 
pj probably is in some cases - that had been obtained 
M In aircraft, commercial aircraft. 

Pl *s6h Is that a subject that you're prepared to 
[«t address’ j 

[iaf JansEry. I want to ask you a scries of 
[tat tjl^O^^owabout a report entitled The Airliner 
04 Cfb^w^onntcnt, Air Quality and Safety, by the 
im hteional Academy. 

|tq jgg, FURR: It’s my understanding that this 
(ill rMwnlwwbeen marked in a previou! 

[iq tlpisiiS^greemcnt that rather t 
|iq additional copies in each deposition that that will 
ooj bpHidal copy Is that true? fZ. 
p«l : MR. HOMS: That’s correct. 1 kn dw~i 
p 2 ] thgjaio Ejjgijtedinan’s - 
tat iTOgiyiDSON: Well, no, the original 
pi] rt^g^ibe en marked in the de#S^$ f Paul 
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asition, and 





til none of us as we 

Pl mimhc.r. b)^ that is the master re; 
pi purpoSptif all depositions taken 
14 is.T^Alrl&cr Cabin Environmem 
(4 Safer 

W MRJfURp; In any event, we 
in marktftggS&ther copy today. s 

M Q: factor . is it correa that you |MM&£$uiid 
H copy of uii'^report in front of you? 
i«! a: 

("1 fl$jp4g|di«:losiire statement itsay|thai 
on ybu 


i<q unai 
(tq thei 
(isi flighi 
114 A: 
[iq time 


ibcaU facets of the the 

recommendations of the Gomnuttee that 
on all smoking on domestic commercial 
you prepared to address that topic? 
e latter part I can. It’s obviously some 
e^ve met as a committee and worked on this 
(iq docume^so there may be some facets of the 
nq comraiftec^ deliberation and the content of this 
iao) repon’t have immediate recall of. 
pi] Q: Okay. Do you have any understanding of how 
ra the report came to be done in the first place? 
t»l A: Yes. 

P4 Q: Can you tell us what that undemanding 


in is. 

Pl A: That Senator Inouye requested that the FAA 
pi undertake a study specifically commissioning the 
pi National Research Council, and that study was to 
pi examine the issue of health and safety in the cabin 
H environment of commercial airplanes. 

Pl Q: Okay. Is it correa that - actually, 
p] Congress mandated that the National Academy of 
pi Sciences conduct such a study and that the National 
(iq Academy delegated it to the National Research 
(irl Council? 

l«l A: That’s possible. I’m not - that’s 
ti3] possible. 

Ii4j Q: Doctor, the National Research Council 
|iq created a new committee called the Committee on 
;itq Airliner Cabin Air Quality, is that correct? 
im A: A new committee. Specifically - 
|(i«l Q: To conduct this study. 

Its] A: Oh. yes, 

poj Q: As we go forward today, if we refer to "the 
I2« committee,” can we agree that we are in fact 
IK] referring to the National Research Council's 
|paj Committee on Airliner Cabin Air Quality? 
pq A: Yes. 
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I <1 Q: Now, you were named vice-chair of that 
pi committee; is that correa? 

Pi A: Yes. 

H Q; How did you get involved with the 
is] committee? 

iq A: I was caUed by staff people on die 
Pl national - from the National Academy and asked to 
iq serve on the committee. 

pi Q: Do you know how you came to be named as 
[«1 vice-chair Of the committee? 

[it) A: No. 

[iq Q: What were your duties as vice-chair of the 
iiaj committee? 

M 4 A: To assist the chair in overseeing the 
nq preparation of the document, editing the document, 
[iq assisting with the committee deliberations. 

(iq Q: Were there any parts of the final report 

(uj that you were not Involved with? 

[iet A: I’m not sure what you’re referring to.The 
pq process by which these things are done, various 
pi| committee members are delegated the primary task of 
[32] researching or developing the text of certain 
pq components of the report. It is brought together, 

P 4 it’s edited by staff members, and finally then 
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in experts in various fields; is that correct? 

fl] A: Yes. 

pi Q: Were the members of the committee 

Ml collectively qualified to address those issues 
P5 described at the bottom of Page vi and the top of 
K Page vii in the preface? 
pi A: I would have to answer that, within our 
l«] limits, yes, and where we needed additional 
Pi information, we sought that 
im Q: In all cases in which the committee needed 
pi] additional Information, did it seek such 
in] information? 

(t 2 ] A: I believe within the constraints on the 
lu] time and the financial resources, we did. 

Ii5i Q: Are there any other issues that are 

fit] addressed in the report that the committee felt it 

1 ST] really wasn't in a position to address? 

(ill A: No; if it was in this report, then 1 think 
(is] that reflects that we were in a position to address 
pui it.The question is, can we reach resolution on all 
pi! of these issues or questions stated on vi and vii? 
Iz 2 ] I think the point is, some more than others. 

PI Q: In fact, on many of the application of 
M those general issues to specific contaminants, for 
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li] instance, the committee concluded It could not reach 
P! definitive conclusions; isn't that right? 
pj A: On some, yes. 

14 ] Q: I want to turn to the acknowledgments on 
(5j Page xi. Page xi indicates that John Banzhaf, Hi, 
m from Action on Smoking and Health, was one of the 
m individuals who assisted the committee, Could you 
in tell us how John Banzhaf assisted the committee? 
is] A: No, I can't. 

(idj Q: Do you know who John Banzhaf is? 

I»i] A: No. 

pj] Q: Are you aware that he is a lawyer? 

(is] A: No. 

[i4] Q: Okay. On the next page - 

lis] A; This might help, if you're going to go 

tm through all these names.We had sort of a period 

[it] where the committee sat and listened to public 
[U] comments;anyone who wanted to come and say 
(is) something about this issue, these scries of issues, 
pj they did.We bad i think a day-long session or 

pi) maybe longer at the National Academy Building in 
( 22 j Washington, and some of these names could have been 
pi people that just came and gave their position. 

Pi Q: But as you sit here, you don't know whether 
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i<l that was the limit of Mr. Banzhaf's participation or 
PI whether he participated farther; is that correct’ 

A: 1 do not recall him coming to any of our 
Ki closed-session committee meetings and speaking to 
(5) the committee directly, no. 

Q: Did you ever speak to Mr.Batwhaf? 

A: Not that I’m aware of. 

Q; On the next page, Matthew Myers on the 
M Coalition on Smoking OR Health is also listed as an 
[ix indj^dual who assisted the committee. Do you have 
mi an^recollejtion of his role in assisting the 
[isj con ' 

o, I don’t. 

recall whether he ever spoke in the 
ittee meetings? 
recollection that he didn’t, 
know who Matthew j 
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( 2 i) Ideii 
1221 recall the i 

pit COI| 
p<i 



epace of the U.S. Err 
ency is also listed a; 
aving assisted the 
er in which Mr.Rej 

recollect what he did.,* 



Do you 
ed the 


[i] A: How to do fairness to all the committee 
PI members.You have to reali2c, this takes us back a 
PI decade here, 

pi Q: Let me ask the question this way, Doctor 
PI You told us if there had been a dissenting opinion 
IQ from this statement, there was an opportunity for 
Pl committee members to file a dissent report; is that 
r correct’ 

m A: Well, I think my response was to the 
gio] conclusions. 

||ii| Q: Actually, the question was all conclusions 
[i 2 j and findings in the report. 

OX A: And findings. 

[U] Q: Yes, sir. 

MX A: And the conclusions and findings - well, 1 
MX think there is consensus to this statement. 

[itj Q: Okay. 

[i«l A: And this statement, if you look at it 
MO carefully, son of forges that compromise in 
pc| opinions. Some people thought it was a comfort 
pi) issue;some people thought it was a health issue; 
P 2 i and everyone thought it was a safety issue. 

Kl Q; Okay. Let me ask the question this way; 
pi) It is correct, isn’t it, that there was no consensus 
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nx safety 
MX dispo; 
[i*l Dr. 
(i«l co; 

[til smol 
[i<] issue 
(<*) A; I 
PX cxpi 
pi) It was; 



recall whether he ev< 
n$ of the committee? 
n't recollect. 
t\irn to talking about some 
' e committee in the r< 
ge vii in the preface. In 
that page, the last set 
that "Cigarette smokl 
ort Issue for both 
:e and smokers dej 
might also be a health 
*'as well as smokers; it I 
cigarettes are improp 
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iyi 


-, is it correct that the 
unable to determine whether cigarette 
airliners was primarily a comfort 
tth Issue? 

say. the committee members 
;ent opinions on that issue of which 
it one or the other or both? 

B 2 I Q: And so is it fair to say that the committee 
px was able to reach no consensus about whether it was 
P*i primarily a comfort or health issue? 
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[i) that cigarette smoking aboard aircraft was a health 
Pl issue for crew members? 

IX A: To be clear, I think the lack of consensus, 

M if there was Indeed one, on that issue -was because 
pi there was no definitive study based on health 
pi outcomes in crew members that at that time could 
m definitively link it to their exposure to cigarette 
m smoke. Do you see the distinction there? No one 
pj did a study on that population. But people fully 
|im agreed, and I think there was consensus -1 know 
HD there was consensus on the committee - that health 
Mai consequences were a likely outcome from exposures to 
MX cigarette smoke on airplanes, 
m Q: Can you show me a single passage in this 
MX 300-page report that makes that point, Doctor? 

MX A: No; it's part of the deliberations of the 
|i7) committee as wc discussed this. I think there are 
MX passages in this that admit fully that at the time 
MX of this writing - and probably it’s true today, to 
pq tell you the truth - that there hasn't been any 
pu well-designed study to this occupational group of 
P 2 ] people. 

px Q: That addresses whether cigarette smoking 
[24j aboard aircraft is linked to an increased incidence 
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hi of disease among this population; is that correct? 

Pi- A: That’s correct. 

pj Q: And that study doesn't exist even today? 

Pi A: To the best of my knowledge, it does not. 

1 $ Q: And when the committee released this 
m report, the committee believed that such a study was 
in an important one; is that correct. Doctor? 

Pi Ai-That^ correct. 

l«l $: And v^thout such a study, the committee 

HO) deeiiacdjtd reach the conclusion that cigarette 
in) smokliiiflixiard aircraft was primarily a health issue 
lia fotfSie crey isn’t that correa, Doctor? 

I<n AiWeifidled to reach consensus on that issue. 
t«l ft;. Okay. 

|tq A^Tothe best of my recollectiqn. I mean. 

Iitj the bdwlrcommlttee members mi|ht.teU ypu something 
m ditpt J r iibut 1 do recall that thc^piil 
im discussions about this. F 

nn fttlJhStSOT, if consensus had bcqn-Tca<Sfi|d on 

CT that issue, isn’t it likely that that cpns^Ssu^ 
pit woi^bfcfiwcsentcd in this repc|^^l^ 
ct Ar ijferifii tiiis sentence would have been-worded 

CT dlfSaraiSgict’s put it that way. 
p<) Os Okay, let’s turn to Page viii 

Page 78 

|ij Q: Donor, go ahead and answer, please. 
a A: Don’t take offense, but your question is 
pi absurd. I mean, if you’re talking about a ban to 

K 1 take place in the future, what could it possibly do 
is for prior exposures? They would have already had 
r occurred. 

P) Q: Doctor, I said prior or existing. 

M A: Well, so your question was - say your 
pi question or have it read back, if you don’t mind. 

[iq Q: Okay,The committee - this is really just 
|n| a different way of expressing what we just talked 
lit; about. Doctor.And that is, the committee could not 
(iji conclude that the then existing airline cabin 
[wj exposures to ETS constituents was enough of a health 
(is) issue to recommend a complete ban; isn’t that 

PH correct. Doctor? 

lit) A: I see the point that you’re making, 
im Q: If it’s still an absurd question, tell me, 

|is] and I’ll try to restate it. 

CT A: I see what you mean.When you talked about 
pi! prior exposures. I got stuck on that. I think it 

CT goes back to the same point I made before, that in 

CT the absence of a definitive study or a series of 

P<I studies on this particular population, passengers 



1 1 Page 77 

li) rctogLoftic preface still, Doctor^fMi^nd 

PI full paraj^ph on Page viii, begmmnginj^e middle 

PI of thq^|rafcraph. 

IS) Q: Sill iAthe preface.Therc’s language 

pi that sfittetFOcvelopmern of support for a Complete 

Pi ban wp^pradual, as the evidence ^^mt«&ination 
pj and theimpossibility of adequate Cleaning of the 

P! cabin iPSfceame more and more |j|psi|^|The coup 
tm deyHM^SMmoking in airliners Wisitle realization 
ini that dupiini^ted vcndladon with qaaldt.-afi' and 
(i 2 ) IncreiOTprecirculation of air, a ctfaracicriilic of 
in) almo^ai&ttew airliner models, will Increase 
l»*l previtSgg&vds of toxic products of cigarette 
(is) smokfcig in nonsmoking sections of the cabin.’’ 

I'*l Nqi^Doctor, is it correct that what the 
im comm|»|c is saying there is that the recommendation 
lit] for ai^ptHgifer smoking ban was not based upon 
|i»l concefasgsyeii;past or existing ETS exposures but 
pci speculation about what the health implications might 
ran be for future higher exposures? 

CT) MR. HOAG: Object to the form of the 
ct question.The sentence says exactly what it says, 
p*l and that’s what the committee found. 

Pag© 79 

HI and crew members, some committee members felt that 

Pl they could not make the prima fade argument that 
p| health effects were occurring. Others were willing 

K to accept the high probability, even causality, 
isi based on studies that had been published where 
(si exposures had occurred in other settings, 
m Q: Okay, let’s try it this way: Can you turn 

I»l to Pages 6 and 7 of the body of the report, 

PI beginning with the bottom of Page 6 and turning over 
l«) to Page 7.The report states that "The committee 
in] recommends a ban on smoking on all domestic 
[i 2 | commercial flights for four major reasons: to 
[i3] lessen irritation and discomfort to passengers and 
[ii] crew, to reduce potential health hazards to cabin 
[is; crew associated with ETS, to eliminate the 
[it] possibility of fires caused by cigarettes, and to 
[i7] bring the cabin air quality into line with 
[>6] established standards for other closed 
[is] environments." 

CT Now, those in fact were the bases for the 

pij committee’s recommendation, weren’t they. Doctor? 

CT A: Yes. 

ct Q: Now,the committee describes the health 
p4j hazards to cabin crew associated with ETS as 


• 
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HI Q: So there was consensus that this was the 
m proper way to express the committee's conclusions? 
ps A: Yes. Individuals differed on the 
(4) specifics, but people agreed with this genera! 

19 statement. 

19 Q: Doctor, you just used a phrase that I'm 
pj going to go back to.and that is, you said that 
m "some committee members were not as convinced as 
pi other committee members that the reduction of ETS 
[in; exposure would result in concomitant health 
[ii] benefits." No one knows whether the reduction of 

M 3 ETS exposures aboard aircraft have some concomitant 
iu] health benefits to flight attendants, do they, 
ini Doctor? 

psj At I don't know if that analysis has been 
(iq done. 

|i7j Q: To your knowledge, that analysis has not 

|ii) been done, has it? 

lit) A: To my knowledge, it has not. 

poi MR. FURR: Let’s go off the reco rd for a 

pt) minute. 

p 2 ] (Recess) 

(m BY MR. FURR: 

pi) Q: Doctor, let's turn to Chapter 5 of the 

pS^t; 


~ wpiif pi^ ^T 

tn thiiSpiftifcstiori, it sum with a statemenuand 

Pi tKf4.i|,(vf^ 11 y ends with a quesuf^**^**? 

PI QiJGo^head, Doctor. 

H) A0ir 1 hj§ik we’re going around a|fS*e ! same 
pi poinWSviously.The conclusion^fegTiffenimously 
(6] accwted|we alt agreed to these »c«ie s-offir, din gj 
n and fiSSSnunendaiions as presented in thdjExecutivc 

PI SuirggjujKjAnd I think the use of gw *p&ed 

1*1 health hazard is well £hosen. , 

tioi Gnffl^ur opinion, that word teagSBBlIchoscft? 

(nj pSpSSS^ no, in my opinion, it iiwe| chosen 

H?i for tfecs^jccific context of this niMtiftfedf this 
t«s com^ttee - excuse me, of this committee - because 
(i4) som#£®mmittee members were not as convinced as 
its] othet-OO&unirtee members that the reduction Of ETS 
tiq exposure would result in concomitant health 
|U] bcnsg&ggfi other words, reduction of illness, et 
pt] cetcrfe&Gcause those studies hadn't been done. 

[i«l SpTdon't know what more we can say on 

poj ti>is;Tifc&i%ou certainly can have consensus on 
pm the final conclusions and findings, because the way 
iz?i they’re worded, it was deliberately structured to 
l»! get an agreement among all committee members, wc 
pi) could agree to this. 

Page 83 

HI committee's report. Chapter 5 would be entitled 
pi "Cabin Air Potlutants: Sources and Exposures." 
pi A: Give me a page number, please. 

Hi Q: That begins on Page 113-But let's 

19 specifically turn to Page 131. Doctor, that’s where 
in the committee begins its report on "Environmental 
m Tobacco Smoke"; is that correct? 

I »1 A: Yes. 

pi Q: Within the section beginningon 131, let's 
tio) rum to Page l4l.the subheading "Health Effects in 
[it) Airplanes.' 
tiji A: Yes. 

|ii) Q: In that section the committee is providing 
(ii) this report on ics findings with respect to the 
[is) health effects in airplanes of ETS exposures? 

|i«l A: Tm checking. 

Ii7] Q: Sure, take your time. 

ini A: 1 want to sec if there was another section 

lit] that talked about it in more detail.Well, this 

t»] chapter with sources and exposures. Chapter 6 was 

pij "Health Effects Associated with Exposure to 

[ 22 ] Airliner Cabin Air." So we’d have to look through 

CT Chapter 6 to see if there’s additional information 

PH related to the health effects, 
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in a comprehensive rej^ 

Pi scierf^es^terature.the only evident 
PI committee could find with respect! 
KJ In aiip&n$S for ETS was irritatioi^; 

I5) L 

iq Q: J:: th#- second sentence in that 


Pag a 85 


ft the 

alth effects 


tp.the 

Jneral 
rmance of 


m Q: : .fey&£ second sentence in that section, the 
PI comnu||e states that "Irritation ^e^^neral 
W healdffi$welfare and thus affe^|>ffirmance of 
W the cp@8g$s that correct, Doctor^^^W 
not correct. P sss |“ ^ 

|« i) irritation affect aeseihri^alth 

l«) A; talking about irritation to the eyes, 

[Ml nose andjhroat in this case, and I think the issue 
(i? here 1 * tfiat constant and persistent irritation of 
lie] that rj«# 8 | could aggravate preexisting conditions, 
(in make worse, or chronic exposures to these 
lt*l concEfSottl.Coiuld precipitate other health response 
l<s! of thtjiiSijis^ory tract and sinuses. 

PI Q: Doctor, there are many sources of 
pij irritation to the eyes, nose and throat of airline 
1221 crew members, aren’t there? 

Pi A: I didn't quite follow the question. 
i«) Q: There are many causes, other than 


m remover, for example. 

Rt Q: Are VOCs an irritant? 

pi A: They would be included in those Class, but 

M not all VOCs are irritants. Some specific compounds 

[Si arc, but not all would be considered irritants. 

t«l Q: Are particulates an irritant? 

pj A: By that you mean just general dust? 

It) Q: The particulates in the airline cabin. 

N A: I would say under the circumstances in the 
t<oi absence of smoking, no. they’re not. 

Hi) Q: Turn to Page 141 of the report, Doctor. 

1123 A: We're on that page, yes. 

|iss Q: Okay.Just give me a moment. I don’t see 
ini what I was going to ask you so we’ll try something 
(isi else. 

n«j Let's go back to the process for just a 
nr) moment. Is it correct that each committee member 
|i«j generally had responsibility for various chapters in 
[isi the report? 

rw) A Not various chapters but sections of 
pij various chapters. In other words, they may have 
t 22 j been responsible for sections that appeared in 
pi different chapters; it wasn't subdivided chapter by 
pi chapter. 
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l') sentences.! believe the report star 
PI no^^J¥m|nts of ambient condiii4|^^^chemical 
Pi m easing? components of tobacc^wn&^in most 
Hi studi^s&Th^re/ore, it is difficult to extrapolate 
P) the -fuffuflf'these studies to pote|pCto^h 
l«l effccyfejtTp^ssengers and crew me tribe re in airliner 
pj cabinO^^ 

Ht Yo uagr cc with that conctusionytan^jdu. 
h Docit^P^ 

liot A: ptagl just check what is ref ^Aw^ y 

i>3t A: familiar with every st 

1**1 here, « 6 S^cast it’s been a long time since I've 

(is) read th$p,;but I will assume that when we wrote this 

(it) suie me tit that that certainly is accurately 

im dcpictijBgj^c situation with reference to those 
[i*i studiefTT^ 

[iei Q: <Jft«yS£>r.Spengier, have you reviewed or 
pci even ^^^^ompbint filed by the Pbintiffs in 
BO this case? 
prt A: Yes. 1 did. 

t») O: Have you seen the list of 23 diseases that 
R*i the Plaintiffs allege in their complaint as being 


just check what is rtf| 


Dr. Spenglcr, have you reviewed or 
stsfompbint filed by the Pbintiffs in 


Pi Q: The committee did not conclude that ETS 
Pi exposure in airliner cabins causes cancer of the 
Pi lung in nonsmoking crew members? 

HI A: That was not a specific finding or 
(sj conclusion, that’s correct. 

1*1 Q: The same would be true for cancer of the 
Pi larynx in nonsmoking crew members? 

Pi A: That's correct. 

PI Q: And the same would be true for cancer of 
lie) the oral cavity in nonsmoking crew members? 
ini A: That's correct. 

Iiai Q: And the same would be true for chronic 
US bronchitis in nonsmoking crew members? 

Ii 4 ] A: Correa. 

Hs) 0: The same would be true for emphysema in 
lit] nonsmoking crew members; is that cortea? 
iuj A: Correa. 

]ib) Q: And the same would be true for coronary 
lie] heart disease or cardiovascular disease in 
poj nonsmoking crew members? 
pi] A: That’s corrca. 

p 2 ) Q: The same would be true for cancer of the 
pi] esophagus in nonsmoking crew members? 
pi] A: Correa. 
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til Q: The same would be true for cancer of the 
py bladder in nonsmoking crew members? 

Pl A: That’s correa. 

H) Q: The same would be true for cancer of the 
pi kidney in nonsmoking crew members? 

H A: Correct. 

Pi Q: The same would be true for cancer of the 
m pancreas in nonsmoking crew members? 

M 7A: CofiKCT. 

tu? i Q: ThjJsamc would be true for cancer of the 
;it| stbattchfcervix or breast in nonsmoking crew 
i«l members? 

(m f orTWiame would be true for endometritis in 
list rtSnsmoWjig crew members? 

Ii7] would be true for c&Aeavascular 

ui] (^w^nonsnnoking crew ' 

tm would be true faf^istawtlrine 

Ci] growth rrihrdation in nonsmokl^^^^iembers? 
m r ccaU that being in 

1 33] <^th^oj^mittce. s .. 

pq ?®!Siw%ommittee made no finding* or, 

Pago 94 

li] issue which you raised? 

Pi A: Well, you sort of put that last thing, do 

13 ) evidence- 

HI 0: No evidence that would allow it to 

IS] conclude. 

PI A: Well, no direa health evidence, but 

P] evidence from concentrations. So that’s part of the 

Pi evidence. 

P) Q: Okay. 

in? A: And from that evidence we concluded that it 
(iij was possible that there were health consequences as 
|iq a result of exposures that were occurring at that 
[i$ time.So there's a fine distinction I see in my 
(i«l mind. I know - and just so we don't go on to a 
(it) whole series of questions about this. I'll repeat - 
[i 6 j that at the time of this publication, and I think it 
[it] still is true today as we talk, that there's no 
[til definitive occupational health study that can 
[isi substantiate these effects occurring differentially 
ia? in the nonsmoking flight crew as a result of their 
pi] exposures to cigarette smoking. It doesn't exist in 
tzz] the literature. 

p? Q: But the committee also found no other type 
pq of evidence that it was comfortable relying upon to 

pj^j ■ 

~ " srpmi ^ 


ti) cdtecloSiWis regarding the FTS eamosuscfcAboard 
pi airliitsrs^n infertility of nonsmolSa^^W members? 
pi At correa. 

n Qsin«i|iamc would be true forpmS 

pi comgpfljons in pregnancy? 

M A %^icaUyforETS? 

pj Q: TSl^ir. , j 

m A:;igai$< that’s correa. plilii- 

pi Qtjfh&iame would be true for.jt\fam . 

iu? mortality? : pS8|Ss:% 

tun Q:^cgsfc ulcer disease? Ilistlwil 

(«i A idfipea. 

liq Q:(Aj$|r|eation of asthmatic conditions or 
list aUeigH*^' 

no A:^the| than the citation we made about 
li 7 ) irrita^^ffeas, and 1 would say that that’s 
n«j inclu^ss^Mthin the constellation of diseases that 

0 «S wouMhcateatavatcd by irritation effects. 

r»] Q: ail those diseases that I just 

pi] listed, the committee found no evidence that allowed 

pg it to conclude that ETS exposure aboard airliner 

pg cabins was causing those diseases in nonsmoking ctew 

pq members, is that correa. except for the asthmatic 

Pag* 95 

Hi conclude that the airliner ETS exposure was a proven 

PI or definitive cause of any of those diseases that 
pj we've just talked about in nonsmoking flight 

H] attendants, did it? 

IS) MR. HOAG: ObjcCT to the form of the 
]<; question. 

pj A: I mean, they did-we did rely on 
pi concentration data, and we did rely on published 

P! data in other populations and said that it was 
not reasonable to conclude that this was analogous by 
[ui way of exposures to those studies that did show 

Hz) effects. Now, so the fine point is "definitive." I 
ini mean, the answer is no, to answer your question 
[i*j directly, there was no definitive evidence. But you 

[is] saw the conclusions, we went over them, that the 
[i«I findings are quite clear that in... I’ll just end 

[it) the answer there. 

tii] MR. FURR: Let's grab a sandwich. 

[is] (Whereupon, at 1:15 p.m. the 
pq deposition was adjourned for 
pi! luncheon recess) 

P 2 ] 

P31 

[Ml 
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HI AFTERNOON SESSION (1:30 p.m.) 

PI BY MR. FURR: 

P) Q: Dr. Spengler, let's turn to discussing some 
hi of the other airliner cabin contaminants that were 

15 addressed by the committee in the '86 report. Let's 

hi begin by discussing the ozone.Could you explain to 

Pi us what ozone is. please, 
pj A: Yes. Ozone is a molecule that's comprised 
Pl of three oxygen atoms, 
nq Of Arid ^that's the source of ozone in the 
(■■I airliner cabin? 

Surce is outdoor air, ozone in the 

ozone formed? 
ied as a chemical reaction 
jvell, back up.To be specific for 
e concern is for stratospheric ozone, 
rmed by the direct tfa smatedfr i of the 
cule by ultraviolet rap&bbn and that 

combination to forrryjxyget^riplet 

could you turn to Pa^J&fcpf the 
report,please. Right Under the heading 
mmercUl Aircraft Cabin*" tgi first 
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ionosphere 
inversion of 
hit the 
:or? 



ed and 
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P! oxygel 
h) proa 

A: 

CL-Ehc 

PI pro, 

Pi betwa 
PI it occ 
not airci 
H'l 
l't) 

IP] expos 

[h] A: Th&ehnsequcnccs that have been noted to 
<■5 date direct irritant effects that lead to 

l«l pain upon breathing, further airway irritation that 

iit) might fpgg«r»te.again, preexisting respiratory 

ini diseases,^.has also been associated with decrease 
|i9j in pulfpfrB% function on a temporary basis. Very 

poi reeentfyrb^shave been the implications that the 

mi coexposures of ozone and allergens tend to enhance 

t»l the effects of those allergens. Ozone has also been 

P3] associated with increases in asthmatic symptoms - 

p<) symptoms of asthma in people that have preexisting 
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asthma. 

Q: Doctor, is there an issue with respect to 
the health implications of exposure 10 ozone and 
radiation together? 

A: “Radiation" is a really broad definition. 

Q: Okay. 

A: Because there's ultraviolet radiation and 
there's ionizing radiation and lots of other kinds 
of radiation. 

Q: Would you qualify that, the type of 
radiation experienced by flight attendants in the 
airliner cabin. 

A: Well, again, it will sound like I’m 
argumentative here, but there’s lots of radiation. 

There's electromagnetic radio ffequencies.There's 
a whole range of radiation that they might be 
exposed to. 

Q: Let me restrict the question then to 
ionizing radiation. 

A: All right. So the question is, is there a 
concern for the coexposures to ozone and ionizing 
radiation? 

Q: Yes. 

A: 1 wouldn't think so.no. 


Pag® 99 

Q: Are you familiar with any literature on 
that subject? 

A: No. 

Q: Could you turn to Page 116 of your report. 

At the bottom of the paragraph, the partial 
paragraph, the first paragraph on the page, the 
report states that - 

A: I'm not with you yet. 

Q: Sure. 

A: The bottom of the first paragraph? 

Q: The paragraph beginning at the top of the 
page, which is a paragraph addressing health 
implications of ozone exposure, which you identified 
all of them as far as I can tell.Thc last sentence 
reads that "If exposure is repeated within 24 to 48 
hours, pulmonary function decrements are markedly 
greater." Do you agree with that statement, Doctor? 

A: I’m going 10 see if 1 recognize that 
particular citation. It's done by Steve Horvath, 
and 1 agree with that statement. 

Q: Now. repeated exposures within 24- to 
48-hour periods are the types of exposures that 
flight attendants experience, aren't they? 

A: Possibly. 
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|i] exposed to a higher concentration of ionizing 
pi radiation in the airline cabin than we are on die 
[33 ground; is that correct? 

M A: That’s correct. 

PI Q: Is there also a relationship between the 
ft latitude that a plane is Hying at and the 
Pi concentration of ionhdng radiation that the crew 
PI members are exposed to? 

PI A: Yes, there is. 
im Q: And what is that relationship? 

[ 11 ) A; The further away the flight path is from 
1 iz) the equator, and that would be either pole, there is 
HU a higher concentration of radiation. But it's the 
iw] same phenomenon - well, back it up, there arc two 
PS] phenomena. But it's the same in principle as that, 
pq the depth of the atmosphere is actually thinner over 
(i71 the poles than it is over the equator. So 
(in indirectly by being at a higher latitude on the 
[iq surface of the Barth at a given altitude, you also 
pq have less atmosphere above you. 
ran Q: Dr. Spengler, is it correct that the chief 
t»l health risk that the crews of commercial airliners 
raj face from ionizing radiation arc neoplastic or 
p<l carcinogenic diseases and reproductive illnesses? 



Page 100 - Page 103 ( 28 ) 


Min-tPScript® Doris O. Wong Associates (617) 426-2432 


Http://legacy.library.ucsf.e(fidtid2!eli^|aS0 , /preMw.industrydocuments.ucsf.edu/docs/qjgl0001 












































































































Norma ic Drum, et au v. 

Philip Morris Companies, Inc., et al 


“** ~r — cf —i 

VoL 1 , April 30 , 1997 



Page 104 

m that we can turn to Page 130 of the committee's 

P) report.At the bottom of Page 130. the top of Page 
[i] 131, the report states that "Aircraft jet engines 
w emit a variety of potentially toxic substances, 
j5j including carbon monoxide, oxides of nitrogen, 
iq hydrocarbons, aldehydes (especially formaldehyde), 

CT particles, and polynuclear aromatic compounds"; is 
m that correct, Doctor? 
pi A;l¥es. \ 

{icj Q^Whac aJe the health implications of those 

im expossSf^iSoctor. to ground fumes? 

Ii 2 ] A^U could be a variety of health 

iu| impIgttiQp^&om irritation of the respiratory 
tit) trad|WMiased risk of cancer, depending on all 
nq the dbnditional variables: dose, duration, all the 

[is] ©theggSosjafSntiation. 

tin Qi ls rpcbnect in an aircraft, jet engbK*J 
(■*1 errUtSi&Sii&htcs that we think of a^pemogens? 

[is] At SimiUr to all combustion engfiies, yes. 

(jot QPillroiP^rew of a commercbfaii^tSi is a 
pi] population dttit is one of the most faro&cdi 

P 2 ] popu|?5jpp^5 the emissions from j§N^pi%s; is 

w AlTdehi&iit. Probably the grounl^^^ould 

1 
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|i] the air if that air were saturated, 

Pl Q: Is relative humidity an issue in the 

PI airliner cabin? 

H! A: Yes. 

IS] Q: Can you tell us what you know about that, 

|6j please. 

P) A: I know that the relative humidities in 
p] aircraft represent conditions that are very dry, 

PI equivalent to - strike that - tanging from 5 
[id percent to 25 percent relative humidities during the 
[til cruise portion of the flight. 

[i 2 j Q: And what are the comfort or health 

[u| consequences of being exposed to relative humidities 

iu| in that range? 

nq A: The health consequences are undocumented, 

[is] After all, there are many populations in the world 
[i7] that live in such dry conditions.The comfort 
;t<] implications are those that 1 referred to earlier, 
l«] and they include the drying out of the moist regions 

Pd of the nose, throat and eyes, leading to potential 
pil irritation from other substances.There is the 
[ 22 ] possibility - it's been referred to in some of the 
pi] literature - that transboundary migration of 
pi] materials may be increased under very dry 
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Pi any studies of the hi||illl§| 

H from exjS^s'tire to ground fumes In a cbn^ncrcial 

(q A: N^isPifiat I know of. 

[*] Q: The ground fumes also thcms@l¥e*rHjany of 

P] the cori^S^sems of the ground fumes would be 

M Irritanysa^Mn’t they, Doctor? Ispgp# 

Pi A: Ca^xrolTnonoxdde wouldn’t«.Aldehydes 
iiq ccnalnlfisrald be, some of the hy<j|$g£jgh$. 
ji i] ParrienfipKSioiild be if in high enough! 
i«) conceriHatta^. 

|uj Q: Aiu|;» those arc all irritants that the 

iiq crew ofS bbinmercial aircraft would be exposed to in 

Iiq the airlij^afieibin; is that correct? 

[it] A: Tfeby could be exposed,That's not - 

!i7] obviou$iisg|not a condition they encounter on all 

[is] oecasiotttK^. 

os] Q: L^*s tajc idx>ut relative humidity aboard 
poi the Doctor.What does the term 

pi] "relative humidity" mean? 
nr. A: It refers to a ratio expressed as a percent 
mi of the amount of water vapor that is in the air to 
p<] the amount of water vapor that could possibly be in 
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PI mucus-secreting region conditions. I think people 

PI with contact lenses under these dry conditions also 
pj experience more eye irritation, and under prolonged 

HI flights there may be more complaints about dry skin, 
pi O: Do you have an opinion as to whether 

16 ] exposure to low relative humidity affects lung 
pi capacity? 

PI A: I know of no evidence that would support 
pj that. 

[to] Q: What about whether exposure to low relative 
[ii] humidities affects the risk of respiratory 
im infections? 

ii3j A; I know that that has been suggested by 
[M] flight attendants and maybe even passengers; but, 

MS) again, there's no factual evidence of that. 

[■si Q: Could you turn to Page 215 of the 
[in committee's report, please.In a section entitled 
(i»j "Desirability and Feasibility of Additional Data 
nsi Collection’ and a subsection "General Concepts and 
po) Approaches," top of the second paragraph on Page 
pq 215, the committee stated, "Simply measuring the 
p 2 ] contaminants and other relevant variables of the 
[»1 airliner cabin does not address the question of the 
p*l likely health effects of short or long exposure to 
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tn that environment.The evaluation of the health 
P!-effects of exposure requires the collection and 
pj interpretation of data very different from those on 
Pl exposure.” 

Do you agree with that statement. Doctor? 

A: Yes. 

What type of data are being referred to 
here? i 

^-^ii^ifiieve what we were referring to would 
(to] be the collection of data on symptoms, data on 
til 4«sa&SMj| in function, data on frequency of 
(it! tjpeSSiN^thin these exposed and nonexposed 
[toi populations. 

pi) apply the embodied tj^guage we’re 

[is] looking at, environmental tobacCo Stgfltee. Would you 
lit) agriseiiheti, that simply mea-s-aring-flte iftrirorimcntal 
im tobacco smoke aboard the airlirier cabin does not 
(iq adis the question of the like^'healtfi^jtffects of 
(iq short- or$emg-icrm exposure to f 
(Ml don’t think it would, i 

pi! Fnot? Strike that. My que 
(221 ilUs&SEffcrent than anything ell 
rnj A: Well, 1 wouldn’t say that ei| 

•si) I could think of some pollutants? 
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funent? 




PI which is a reprint of an article entitled "Health 
PI Effects and Sources of Indoor Air Pollution, Part 
pi I."There's a John D. Spengler listed as one of the 
Pi three authors of that article. Is that you? 

K A: Yes. 

ra Q: Now, this article was published in 1987; is 
Pi that correct 5 
pi A: Yes. 

Pl Q: So it was published after the NRC report on 
(iq airliner cabin air quality? 
tin A: Yes. 

[tq Q: And it was published after the 1986 Surgeon 

(is) General's Report; is that correct 5 
[iq A: Yes. 

[iq Q: Now, in the upper left hand of the first 
lt«S page, the words "State of Art" appear. What do 

[it] those words signify, Doctor? 

[iq A: This refers to a section of this journal 
|[i#l that is set aside for reviews of any number of a 
poi variety of topics. It is not part of our title, 
pi] Q: I take it, then, that this is a section of 
pq the journal reserved for comprehensive reviews of 
pa-! issues that are meant to bring the available 
prj information up to date for the reader? 


tn the effects of ionizing radiation, thit.sye could 
pi Icaqtii lo^about the likely health etoett-from 
pi lon^ra$ort-term exposures b ygllftlfe cy cfiiliy 
Hi con^ructfd experiments in other sewings.And then 
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tie need in 
tabout 


on the 
controlled 


tsi by uhter|tan4ing the cone entrap 
W the a'iferaft environment, we cou 
pj the (SSSBiood of health effects. 

e> 

k Af Asian example,a lot of ourii 

(iq hpiSiPi8|cts of ozone has come 
|u) chamber Studies 
(iq Q rfeKhat you're telling me, Doctor, that if 
[iq you 0h Cstabksh a dose-response relationship for a 
( 14 ; coniSSBSint and health cod point, you may be able to 
[iq in scSie environment - then you may be able to take 
nil thatffl$i8fesponse relationship and apply it to the 
[in conc&Hgition of a contaminant that’s found in the 
liq airliffef caibiq environment? 
nq A£§SS®^P|orre«. 
poj MR. FURR; Let’s mark this, 
pn (Document marked Spengler Exhibit 2 
PJ1 for identification) 

( 2 J| Q: Dr. Spengler, you’ve been handed aft exhibit 
(24i that’s been marked as Spengler Deposition Exhibit 2, 
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[i] A: Yes. 

Pi Q: One of the indoor pollutants that you and 
Pl your coauthors reviewed was environmental tobacco 
K] smoke; is that correct? 
ts; A; Correct, 

(q Q: Could you turn to Page 1490 of that 
Pi report. 

tq Let me ask you this general question 
pj first. Now, in your review of environmental tobacco 
[iq smoke in this atticle, you and your coauthors were 
im reviewing the information available with respect to 
(tq environmental tobacco smoke or ETS exposure and 
(iq health impacts in general and not as restricted to 
(i4j the airliner cabin; is that correct 5 
[iq A: That’s correct. 

[it] Q; In the middle of Page 1490 there's a 
im heading‘Tobacco Smoke." Let's take a look at tbe 
[iq last section in the first paragraph under that 
[iq heading.That reads, "Consequently, the evidence on 
pq involuntary smoking is more limited in scope than 
pi] for active smoking, and controversy remains 
[ 22 ] concerning certain associations of involuntary 
pq smoking with disease." Do you see that. Doctor? 
ts] A; Yes. 
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wcu.aswrm can ocvciop in cnuiucu mu ui 
lu)ts without - well, it can develop in both. I 
ould imagine the onset of new asthma, the rates are 
gher in children than in the adult population. So 
>e!ieve your answer - the answer to your question 
yes. 

Q: Let's turn to 3494. On the far right 

>lumn of 1494 you and your coauthors began your 

view of ETS exposure and lung cancer: is that 

irrect? 

A: Yes. 

Q: Under that heading, let’s go to the second 
ragraph, which reads, 'Time trends of lung cancer 
ortality in nonsmokers have been examined with the 
Lionale that temporally increasing exposure to 
ivironmcntal.tobacco smoke should be paralleled by 
creasing mortality rates." 

Let me ask you first, Doctor, could you 
eak that down for us and tell us what it is that 
u and your coauthors were attempting to look at. 

A: Well,this is the opening sentence to a 
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H A: E&$$&ma. I believe that's ! 

Pi Q: Lee!* topi to Page 1493. In the tniddiA 
Pi columrt)g^|P93. the second full Da lipiDh.ft e first 
isj sentenc^reads that The findings ofthc newer 
tq studics&rej^fconsistent on the reUtiohshTphcrwcen 
pj passive siting and wheeling and asthma" js that 
m correct^^i^pfor? 

PI A: Yqj^jdSfs correct. Wrkx'kk^ 

|ioi O: N6w'that sentence, is it correltwp^iit 

in) sent|^^^%erring to the newer s tudies ots 

08 chUdhb05l«gfiosures to ETS and wlmHlnlid asthma? 

(ug A: Th^^p reference is. It’s a cohort of 
I'<1 ChUdremo|j|ne$S reviews document) 

(iq Yc&.'pWts refer to several studies, some 
1 'u that dirffhow effects, and then at the beginning of 
i!?i the nexifSeSgraph it talks about a study that did 
pi] not find ;( ||Sgejatioii5 with ETS to symptoms in 
pi) childrtii'. T, 

Pol Q: OfisPwftWS as a general proposition, 
pi) children are more sensitive than adults with respect 
E 2 ] to the onset of wheezing and asthma, are they, 
l*x Doctor? 

P'l A: I'm not sure how I understand what you 
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It] paragraph, and it is setting up the discussion for 
Pl the study that follows - two studies that follow. 
pi The hypothesis is the following: that the trends of 
Pi tobacco smoking, tobacco use in the United States 
is] increased dramatically since World War U.and if 
Pi that were the case, then lung cancer in those that 
tn were not direct smokers would also show an increase, 

(ij because it would stand to reason that their passive 
Pl exposure to a larger segment of the population would 
no) also be increased. So the point is that somebody In 
(ii) these two references here tried to examine whether 
(in that relationship led to an observable Increase in 
(ui lung cancer in nonsmokers. 

I|i4) Q: Would you agree, Doctor, that this is an 

(is) important line of evidence to assess in attempting 

(i*j to determine whether environmental tobacco smoke is 

: (i7] causing lung cancer in nonsmokers? 

ini A: 1 can't recall. It might be important, but 

[ii) it might also be intractable that you cannot 

po| separate out all the confounding variables that lead 

[ill you to conclusively define a trend. Many other 

j(B| things were happening too in terms of changing of 

(23) substances and radon and, who knows, lots of other 

I2<| things. 



Doris O. Wong Associates (617) 426-2432 Min-U-Script® 


(31) Page 112 - Page 115 


tp://legacy.library.ucsf.ecfiiiliid(6dqBffp@0/'|fflBlfw.industrydocuments.ucsf.edu/docs/qjgl0001 


52434 3008 




































John D. Spengler, Ph,D. 
VoL 1, April 30,1997 


Norma K. Broln, et al. v. 
Philip Morris Companies, Inc., et al 



Page 117 


Page 119 


PI ^'£95'?:ness reviews document; 
PI tp^utyou and your coauthor^ 
Hi occupational environmental expe 
tsi ETS uiislt be the cause of the 
w rat«4g^5ase in males, correct? ; 

P) could have been uke$. 

n disSwin^w by the authors thenis 
W reffSSeSt back to the study, I can 


(id tffc|B|yaur conclusion or this wK'ifeany the 
tui limitadons of the sti^y^^were 

tin po&IM&ut by the authors theifsmwr* 
imj let me ask you this, then. I 

|i4j undej^fld that this is a review p?.per.A« the 
|is| stawA%nts contained in this paper the conclusions 
ii«j of l&liCSdlf and your coinvestigators as to what the 
l«l stuoftl^Sftow, or are they merely a report on what 
(i*i othSriSsestigators claim their studies to show? 

('») could be both. 

(Ml SfftMuld be both.. 

pi| A: Because.] mean, we obviously have a broad 
psi range of experiences, both from work we’ve done, me 
psi and my coauthors, in this case and reading a lot of 
p*l the literature. For example, on this one, it is 


B oi coauthors found no support for the hypothesis that 
correct. Pl ETS exposure causes lung cancer from this line of 

istoded that pi evidence? 

ktO others than hi A: No; we found some support for that 

nt mortality l$i hypoth esis, and Garfinkel's could not support. But 

k you concluded we found no support, and I think it 
ndjie Pi stands for what it is. It says the evidence is 

^Pithout i»i atfibiguous. 

«y whether pi Q: Okay.farenough.The evidence was 

Sfiy the im ambiguous. 

j^were pi) let’s turn to Page 1497. Is it correct, 

•Sr* [it] Doctor,that we arc still in the "Lung Cancer" 

ti»i section of your review of ETS? 

r.Are the juj A: Yes, i believe that is correct.Well, it 

e conclusions msi changes on this page to "Cardiovascular Disease.” 

is to what the pal Q: Let’s restrict our attention to the 

sort on what i<7] left-hand column, the top of it above the "Other 

s to show? iibi Cancers" for now. At the top of the page you and 

[iq your coauthors state - you and your coauthors 
pq recognize that the Surgeon General in ’86 
lave abroad pi] "characterized involuntary smoking as a cause of 

k we’ve done, me pzi cancer in nonsmokers’’; is that correct? 
ading a lot of pq A: Yes. 

ie,it is w Q: But then following that you state,’The 
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[i] extent of the lung cancer hazard associated with 
Pl involuntary smoking in the United States remains 
Pi uncertain, however.The epidemiologic studies 
PI provide varying and Imprecise measures of risk, and 
P) dosimetric aspects of involuntary smoking in the 
m respiratory tract are not yet well understood’; is 
Pi that correct? 

Pl A: Yes, that’s what it says. 

PI Qi’Welfjpow, by varying risk you and your 
im coauthors tneant some of the studies showed an 
pi) in&^|pffj#risk and some of the studies didn’t show 
Ii 2 j an,increase in risk; isn’t that correct? 

(u) lyjjd&dc that you used the words both 

lit) "increase" -j d "increasing," and there is a 

(iq distinction. So me studies showed that the lung 

(mj caqs@6| tisklwas increased in thos^. nonsmoking women 

(U) wl(oha|% spouses who smoked, antoplljpther studies 

(i«t that risk increased u|jp-p6t^on to a 

HP surrogate measure for dose. r 

pot 0:1’rwswp', I don't undeistanc^'Could'f ou 

pi| explain it tiirne.Let me ask another ^«oon and 

ra gct-t»: 5 tar#d right again here. 
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|i] A: Restating that, yes. 

PI Q: What did you and your coauthors mean when 
m you said that "dosimetric aspects of involuntary 
hi smoking in the respiratory tract are not yet well 
[5) understood"? 

(tj A: This had to do with what - that most of 
m these studies, in fact, I think at this time all of 
is; these studies, relied on indirect measures of 
PI exposure to ETS, namely, calculations based on 
[ip smoking habits, location and duration; that there is 
in] not quantification as to how much,let’s say, 

[tzj paniculate dose or any of the substances actually 
[is] get to the target tissue within the lungs.That’s 
lit] what “dosimetry" means. 

(i 5 Q; Doctor, wouldn't you agree that today there 
[is] is still no quantification as to how much of rhe 
[171 particulate dose or any of the substances actually 
lit] get to the target tissue within the lungs? 

[is) A: I think it's better understood today. 

[ 2 D] There’s better quantification of composition, 
pi] characterization of what is in the ETS; there's 
pz; better characterization of the particle size 
pz) distribution and what phases are gas phases or 
p4j condensed phases; and there arc a lot more 



id you mean? 
that they did not 
’terms of the increased risl 
w, it's poorly stated, 


Page 121 



,'s best to give it as an 
citing a particular study. But !< 
showed that an e 
ck-a-day smoker to a 
to a 1.3 increase in the] 
ia baseline of l,so a 36p4«ni 
' ne studies showed th|$ii!*$8uc 
astut, one year- excuse roc - 20 years, 
ay, would not show any risk increase or 
[ip some would show higher than 1.3.Thls is what we 
[i<l meantby that, that there were inconsistencies in 
[iti the magsittkle of the risk attributed to the 
lit] exposjy 

Ii fret, some of the studies showed no 
; is that correct? 


I'*) Q: i 

poj incrCwtv-m » i2 ii>)« 

pi) A: That’s correct. 

m Q: And so the studies were inconsistent with 
P5 respect to whether they found an increase in risk or 
P4) not? 
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(1) measurements of concentrations in a variety of 

[ 2 ] locations. So I think we are better off today than 

p] we were at the time we wrote this in understanding 
n elements of the dosimetry. 

Pi Q: I’m still confused. What more do we know 
K today than 1987 regarding how much of the 
m particulate dose or any of the other substances get 
PI to the target tissue within the lungs? 

(sj Aj Well, I just recited what I feel have been 
[in) contributions to our understanding that have been 
[it] made in the intervening ten years.And in its 
[i 2 total, this information, including, 1 would have to 

[is] say, information on DNA adducts of smokers and 

(i4) nonsmokers and cotinine measurements in nonsmokers, 
ns) provide a lot of information about how much the 

(it) nonsmoker is receiving via inhalation. So l can't 

[in say that we know 50 percent more or 75 percent more; 

[is) it can't be measured that way. 

(12 Q: Doctor, as you sit here, can you describe a 
poj dose-response relationship for ETS exposure and lung 
pi) cancer risk in nonsmokers? 

[Hi A: Let’s see, I think the best we can do now 
[23] is to describe an exposure-response relationship and 
P4) from there deduce the potency for a microgram per 
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Ml biologic plausibility. Increased risks at some of 
Pi the sites, e.g., cancer of the nasal sinus and 
pi female breast cancer, have not been observed in 
Hi active smokers.” Let me stop here and ask you a 
is) question. 

ra Now, this was written in 1987, correct? 
n A: Correct. 

m Q: You would agree that those two cancers 
m still are not being reported in active smokers 
!ioi today, wouldn't you? 
ini A: I don’t know. 

[it] Q: You don't know.The quote continues, "In 
l«l fact, the International Agency for Research on 
[i-q Cancer has concluded that effects would not be 
lit] produced in passive smokers that would not be 
[it] produced to a larger extent in active smokers." 
pi) This was your conclusion in 1987, correct. Doctor? 

[tt] A: Correct. 

[isi Q: And this would still be your conclusion in 
[») 1997, wouldn’t it? 

(ail A: Well, let's say this is the conclusion of 

rzzj 1ARC, which is the International Agency for Research 

pal on Cancer, and I would agree with this statement, 

R<) yes. 
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lij Q: If you diJh't see an increase in cancer 
Pi among active smokers, it makes no biologic sense 
PI (hat you would see an increase in cancer among 
PI ETSexposed nonstnokcrs; is that the point’ 

|S| A: No, I guess I probably wouldn’t agree with 
p; that. No, I wouldn't. 

PI Q: Why is that? 

(3 A: For a variety of reasons. One might 
PI have - there are all sorts of physiological changes 


[tt; that ' 
tit) mdtoj 
t«l in ta 
im apph 
I"! smid 

V* 

lie; ana i 
[it) sus^ 
op be& 
tisi phlf 
I 2 oj difje 
pi) aT 
[22] com! 
t23i to « 


ccur m active smokers that might change the 
lOlicpathways of certain materials, which then 
a*tf>Uld change the rate at which they could 
or accumulate in fat tissue. And a passive 
|gg 9 |!l not have that, certainly wouldn't have 
lysloiogical changes that active smokers have, 
tey might represent a genetically more 

that have chosdn-potto smoke 
isl&fi omc tolerance level Iss uc^SBSp cir 
itfpe'Or their genetic typmgp§lld constitute a 

(SS'do^you believe there m|y g|netic 
onen||o the determination tla&ft ga p le make as 
isttejjpto smoke or not? ■ *] 

(mail said It the other wayjgteuj# 


|i| Q:You: 
pi gerHbeJtaiiJy 
pi not to 
hi A: TM 
PI Q: 'fak 

M A: 
pi peoplfi t wi 
Hi active sml 
Pi rest of the 
HO virtue g£*j 


id "they miipit feprescnnr®*™ 
ho re susceptible groug.th^hay 
fc because of some toielahce fcv 
flgtt, 

Joes that mean? jjj P^ ^ 
sr example, in a population of ! 
|asthma, the percent that art 's? 
ers, is lower than the percent i$ 
I.S. population, for exa^^^t 
k condition, asthma, they’^m? 
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e chosen 
r el issue." 


pi) sensitive to irritants and arc less 1 


tut compo 
(U| using t 
psi Q: 1; 

[t«i paper. 
[i 7 l your ci 
M *1 ETS ex 
[i*l sites in 
po; A: V 


llsgpopiilation.AjQd the re is ^g enetic 
motto susceptibility for astSl^lfii^ust 
example alone- 
mdefstand. Let s go back to your 
SfiSbctor, is it correct, in 1987, you and 
iuthprs concluded that there is no proof that 
SsiSie was causing cancer in nonrespiraiory 
(S&nsrnokers? 

Edj.il. 5 fl me studies that did show those 


pi] mcreaseiftisis? 
psi Q: Right. 

pa] A: Wc were at the point of saying that we had 

p<] difficulties in making the same arguments of 
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ID biological plausibility for increased nonrespiratory 
P 3 cancers, because those other tissues are not 
Pi necessarily in the direct target pathways as are the 
HI respiratory tissues.So at the time that we wrote 
( 5 ) this. It is as we had concluded, the evidence was 
HI certainly not as strong for these other cancers as 
Pi it was for respiratory cancers. 

Hi Q: Doctor, if you were writing this paper 
( 9 j today, you would reach the same conclusion, wouldn't 
[ioj you? 

[iij A: I'm not sure. I’d have to -1 don’t think 
[ 12 ] I’m in a position right now to answer that. 

[la] Q: Let’s go to the next topic in the paper, 

[«) "Cardiovascular Disease." Is it fair to say, 
psi Doctor, that you and your coauthors in 1987 found 
[ic] the evidence insufficient to allow you to reach a 
[i 7 ] conclusion as to whether ETS exposure was a cause of 
[ie] cardiovascular disease in nonsmokers? 

[is! A: At the time of this writing, yes. 
pej Q: Now let’s go to the next section which is 
pi) "Summary” and look at the last sentence, which 
[ 22 ] reads, "In adults, involuntary smoking is a cause of 
pi; lung cancer, but associations with other diseases 
[ 24 ) have not been unequivocally established."That was 
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[ 1 ] your conclusion in 1987; is that correct, Doctor? 

PI A: Yes. 

pi Q: Doctor, you and Dr. Satnet, who was one of 
hi your coauthors for the ’87 paper, were also the 
is] editors of a book titled Indoor Air. A Health 
(«l Perspective in 1991; is that correct? 
m A: That’s correct. 

hi Q: And in Chapter 6 of that book an article 
Pi very similar to your 1987 article appears; is that 
[io) correct? 

[iij A: That’s correct. 

[in Q: Now, you weren’t actually an author of that 
[is; chapter, were you? 

[i 4 j A: No, I wasn’t. 

(isj Q: Dr.Satnet was? 

(i«l A: If Chapter 6 was on the health effects of 
(it] ETS, then he was the author. 

[<»1 Q: Did you review that chapter? 

ing A: I read the whole book in editing it, but, 

[ 2*1 again, that was early ’90s. 

pi) □: Is it fair to say that Dr. Samet’s 

pq conclusions in 1991 were almost identical to the 

[23j conclusions that you all reached in your 1987 paper? 

(24) A: It’s likely. I couldn’t say that without 
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tn going back and looking at his chapter; it wouldn't 
pj.be fair to him. 

ni Q: Now, you would have reviewed that chapter 
«i in 1991, you told us; is that correct? 
is; A: That's correct. 

IM Q: And if you had had any disagreement with 
m the conclusions Dr. Samet was making in 1991, would 
t>l you have expressed those disagreements to him? 
pi Yes'T would have. 

noi IQ: Do ypu recall expressing any disagreements 
u] withg^itmet about Ac conclusions that he was 
[iti reaching in 1991? 

[ui Ijlfrhtotjhat I recall. I hope you bought the 

[is) I'm sure we did. 

[tq JMhgp to have my copyrigh^jnfringed. 

(17) fQ: Tarey are certain exceptions tfatagj 

im iAJ'mjure you'd know them. 

[ 2 oj Let's mart this. f’Zw-1 

tni (Docufi^nt marked Spengler 

(23j |u: ^i&pr, you've just been hatujM a%*|xhibit 
<m rtp^jS^pcngkr Deposition this 
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li] A: All right. 

j Pi Q: In that table under the heading "Potential 
| pi Health Effects of Involuntary Exposure to Tobacco 

Id Smoke," Dr. Samet listed "increased respiratory 

Pi symptoms in adults, reduced lung function in adults, 
iq increased risk for asthma, exacerbation of asthma, 

PI increased risk for cardiovascular disease, increased 
iq risk for nowespiratory cancers, earlier age at 

Pi menopause, increased risk for sudden infant death, 

(iq and reduced birth weight"; is that correct? 
im A: That's correct. 

|[i? Q: All of those were described by Dr. Samet as 

[ill "potential," not as "established"? 

(*d A: That’s correct. 

i(tq Q; And you’ve already told us that you agreed 
jiiq with Dr.Samet's classification in this regard? 

[i7i A: Yes, I do. 

(iq Q: Let’s turn to Page 142 of that article. 

[iq Under the heading "Respiratory Symptoms and 
[MI Illnesses in Adults," the first paragraph. Dr. Samet 
pi) wrote that "Consistent evidence of an effect of 

P 2 ) passive smoking on respiratory symptoms in adults 

P3] has not been found"; is that correct? 
mi A: That’s correct. 

{ 


'0*1$ iiii 

(i| th$$&$&pt§f 6 of the book that yojj and Samet 

13! edite^yyy^l that we just referris|il®| 
m A: f|ptfjess reviews document) 

M Q: {jCBui| you tum to Page 132-ffMwfc'bjf that 

(6i A:^an Enow correct an impresstorttki; I left 
tn by anSWti&ig affirmative to an earlier question? 

M A: NW|hat 1 see this chapter, ft isdrawn in 
[it) large ijjsitibf course, horn the rev^^^^ppeared 
l") in^K^feK^can Review of Respiratoif Diseases, but 

Id we adiJeilSubstantially to that;tha^itS^prs 
l*7l Cain aftifteaderer added substantially to it. So it 
|i<] was q^SI(o be an update. 

(isi Q: to Table 6.1 on Page 132.Tbat 

<iq tablesras titled "Established and Potential Health 
[it) Effects.cf tp v duntary Exposure to Tobacco Smoke," 

(tq isn't itlj-g;,. 

pq Q: AhdiStifeat table Dr. Samet has broken down 
pi] the health effects into two groups, those being 
(Hi "Established" and "Potential"; is that correct? 
mi A: I'm sorry, I looked at figure 6.1. 

P<1 Q: I may have said it wrong. 

Page13S 

>i) Q: And you agreed with that statement? 

P) A: Yes. 

pi Q: The first sentence, next paragraph. Dr. 
m Samet wrote, "Neither epidemiologic nor experimental 
iq studies have established the role of ETS in 
iq exacerbating asthma in adults”; is that correct? 
pi A: (Witness reviews document) 1 think in the 
m same light, 1 agree with this sentence. 

PI Q: Thank you. Let's tum to Page 148. I’m 
tio) sorry, let's go back to 143 first. In the last 
[i i] paragraph of Dr. Samet’s discussion of "Lung 
[iq Function in Adults" he wrote, “A conclusion cannot 
[iq yet be reached on the effects of ETS exposure on 
[mi lur>g function in adults"; Is that correct? 

[iq A: That's correct. 

[iq Q: And you agreed with that conclusion? 

(i7) A: Yes. 

[iq Q: Now let's tum to Page 148. Page 148 is 
|iq contained within Dr.Samet’s discussion of lung 
[ 2 oi cancer In this paper; is that correct? 
pi] A: Let me look back. I believe it is.Yes. 

[ 22 ] Q: In the second full paragraph on the page, 

(iq beginning in the middle of the paragraph. Dr. Samet 
pq wrote, "However, most of the studies on involuntary 
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[i] establish environmental tobacco smoke as a cause of 

r; Jung cancer in 1991. 

Pi A: 1 think we said in this review that the 

b} Surgeon General's Report in ’86 stated that. 

(si Q: Have you reviewed the Surgeon General's 
l«) Report? 

Pi A: Not forsome time; not for ten years, no. 

PI Q: You’re not testifying that the Surgeon 
Pi General based his conclusion on the epidemiologic 
pot studies of ETS and lung cancer, are you? 

[tij A: In part, yes. I mean, you have to look at 

1 * 2 ] the tenets of causality, and they include biological 

[O] plausibility: Is there a response that’s consistent 

iu) with a dose-response effect with increasing exposure 

lisj or dose? Is there a body of evidence that is 

liq consistent within itself? Were those studies 

H7] designed properly? And I believe it was accurately 

n *7 reported when we said that the Surgeon General 

|tai concluded that passive cigarette smoke was causal 

pq for respiratory cancers. 

ptj Q: I think the best procedure is we'll go back 

[ 22 ] to the Surgeon General's Report in a little while 

rnt and look at what he concluded and the basis for 

p«i those conclusions. But let’s look at the next 
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ntence.the first sentence of the next paragraph 
Dr.Samct’s article that you've told us you agree 
ich that states that "In spite of the variable 
lidcmiologic evidence, ETS has been characterized 
a cause of lung cancer." 

Dr. Spenglcr, isn’t what Dr. Samet meant 
ere that the epidemiologic evidence is too 
riable to be the basis for the conclusion alone? 

MR. HOAG: Objection to the form of the 
icstion. Objection to asking what the author meant 
hen it’s very dear what the author said by looking 
the document itself. 

Q: What did that sentence mean, Dr. Spengler? 

A: Well, what it means is that you can have 
liability and also consistency.There's a 
nsistency across the studies that were published 
this time that when viewed in their entirety 
juld support the conclusion that ETS is causal of 
ng cancer in nonsmoking populations. I think the 
st example, you wouldn’t deny gravity is at work, 
it the effects of gravity over the surface of the 
rth do vary, but yet the phenomenon exists. Just 
cause one can measure it and measure variability 
show variability in the measurement doesn’t deny 
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m' that there's a consistency in the relationship 
Pi between masses. 

pi So if you haven't been involved with 
M epidemiology, this statement ■would obviously trouble 
ft you,but it doesn't - this comes at the end of a 
n tong review of a lot of the literature, and this 
P] isn't troublesome. 

n Q: Well, now the statement says that the 

ft epidemiology is variable; is that correct? 

tel kA; Thai's correct. 

it] then it also says that in spite of 

ta] this, ETS has been characterized as a lung 

is] is that correct? 

u] nATTnlrs correct. 

is] *”“0: And then it goes on to discuss the IARC’s 
t «3 a&d:{$$&s and Surgeon General&iindings, correct? 

«j the IARC - at least Dr^fittrfcports 

;i 9 i the IARC's conclusion was based on a 

ad ^mberOTUnes of evidence, buft^£p)|emio logic 
jen studies ap not one of them,arei^||^ 

23 Jig.gpSesn’t say that it wasn'tHiife or chem; 

S 3 ] I they supported this 

2*1 liability, the presence b 


P] of spousal smoking and lung cancer are consistent 
rj with either an increase or no increase of risk from 
Pi ETS exposure? 

ft A: You’re telling me that's so, but! don't 
ft see It from this teset that we’re referring to here, 
ft It doesn't speak to that particular point. 

P] Q: You simply don't recall whether that’s what 

ft the report says or not’ 

ft A; Well, I said I didn't read the report, so I 

[is] don’t know whether it says that or not. 

inj Q: 1 thought you also told me, "I am familiar 

(13 with it"? 

[ij] A: The IARC report? 

IM) Q: Yes. 

[iq A; No. 1 said 1 was familiar with the NRC 

[i*i report and the Surgeon General's Report. 

lit] Q: You must have misunderstood that question, 

[is] but that's okay, we clarified it. 

tift let's turn to the next page, Page 149. In 

pos the first sentence of the last paragraph on the 

pi] "Lung Cancer" section, Dr. Samet writes that The 

23 ewem of the lung cancer hazard associated with 

mi involuntary smoking in the United States remains 

[!*] uncertain, however." And you agree with that, don't 
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in 

pi a car 
pi relatj 
ft thirl 
H ihe« 

ft Crit| 

ft in an 
ft odd* 
M 6 
[io] ove? 

nonpi 

[ifl SCi«i 

ini epidi 
M oi 
[isj 1986 
im H 
cm Op 

tm coni; 
epii| 


lability of a carcinogen, tfae.a{ M& sptif>n of 
jpgen, and the nature of Kfc^roi&respoQse 
iltups work for carcinogens, fegldoii’t 
Sentence says it exclui^fltTl't said 
®(er observations that acniaflyYflSiink arc 
fO* anyone to believe theephtemiology. It 
itself may not be sufficient unlps the 
were overwbelming^^S^ 

Ms.ease the odds ratios aren't , 
idtmingly large, they’re raifciarttbdcst by the 
go. So one looks to thesdothcr lines of 
fophquiry to support chepfitipiaation of 
Iglogic evidence. 

Opengler, have you ever read the IARC 
Spirt that’s referenced there? 
fo, pot that 1 recall, 

SSiiso you're not familiar with the 

S that IARC reached with respect to the 
ric studies of spousal smoking and lung 
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po) canW«® : i 

pi| A: No, I am familiar with it, because John 

23 Samet quoted h directly. 

PH Q; Isn't it true. Doctor, that what IARC 

i»«l concluded in 1986 was that the epidemiologic studies 
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[i] you, Doctor? 

pi A: I didn't quite keep up with you; I'm trying 

ft to look for it Where was this? 
l*i Q: The first sentence, 

ft A: Oh, here it is. 

ft Q: Last paragraph. 

Pi A: The extent of the lung cancer hazard." 

ft That's true. 

t#l Q: Let's turn to the next page. Page 150, 
no] which includes Dr. Samefs discussion of ETS 
inj exposure in nonsmokers and nonrespiratory cancers. 

|i 3 and let's turn to the last paragraph of that 
[is] section.That paragraph reads, These associations 
HO of involuntary smoking with cancer at diverse 
iisj nonrespiratory sites cannot be supported readily 
lift with arguments for biologic plausibility.Increased 
nr] risk at some of the sites, for example, cancer of 
mi the nasal sinus and female breast cancer, have not 
(in been observed in active smokers (U.S.DHKS 1982). 
pci In fact, the IARC has concluded that effects would 
pi] not be produced in passive smokers which would not 
pal be produced to a higer extent in active smokers"; 
t23i is that correct. Doctor? 
p«] A: That’s read correctly, yes. 
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(i) Q: And that's essentially the same conclusion 
eg that you reached in your 1987 review with Dr.Samet; 

P] is that correct? 

Kg A: It almost looks verbatim. 

K Q: And 1 take it, then, that in 1991. you 
to still agree with Dr. Samet in this regard? 

PI A; Yes. 

to Q: Doctor, do you still have the letter from 
m MsiJtosentyatt that has been serving as your expert 
[iq disclosure statement in this case? 


Q:W8ie first sentence of the last paragraph 
[is) of Ifiat kttcr where Mr. Rosenblatt wrote that "Dr. 
|uj Sp|i&8$i8l! further testify that it is the 
[iq consensus of the worldwide scientific and medical 
gs that exposure to involuntary tobacco 
tie cabins causes dis&sq^is 

prepared to testify qp-thati^pic? 

_eases have the worl™^ 
communities concluded that 
ins causes? And I’ll as 



M a* 

PI me 
P) type oi 
W refiecu;th: 

IS) A: - 

to refern 
PI about 

to health 
m possil 
I'OI Q: 
mi A: 
i«i re 
[itg comm 
[14] to toba; 

[1S| Q: 

ut) that col 
lit) A: 

[ill that 
[it! "Poten 
pj) and pi 
pi] couli 




entific 
exposure 


those diseases, will | 
any scientific litcrar 
ication that you belie 
consensus. 

think the table that; m 
Chapter <5, which is fable 6.1; talks 
tionship between E75 aWa v 'variery of 
mc$ that differentiates established and 


nedical 
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’able 6.1 on Page 1321 
ilishcd" and "Potcnl 
nsensus of the scieti 
to the effects of l 
moke. 

x would be current as of today; is 
sir? 

iyrdght be modified.! would suspect 
the disease endpoints that are in 
y actually be moved above the line 
"Established" categories. But 1 
Uy Identify and cite that 
pa) literature. But, for example, "increased risk for 
PH cardiovascular disease,” I believe the body of 
p*l literature there has been expanded since 1991 and 
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[i| that I would be properly characterizing the majority 
PI of scientific and medical experts who are familiar 
P) with this literature saying that it has been 
W established. 

Pt So to answer that pan of your question, 

£1 would this table exist today, I say with 
PI modifications. 

m Q: And you identified moving cardiovascular 
H disease up. 

|ioj A: Yes. 

in) Q: Anything else? 

[iq A: I'd have to go back and look at both 
[i3) reduction in lung function and asthma; there has 
(h) been some new work done on those topics. But let’s 
[is) put that aside,because that’s not, 1 don't think, 

[iq the essence of - it might be to you, but it's not 
on the essence of my remarks here. Where was P I 
ilii) lost my train of thought. 

[i«] All right. So that’s the body of evidence, 
pt>l in summary, of the health evidence relating ETS 
pt] exposures, involuntary exposures, and the likelihood 
p 2 j or high probability of these outcomes. 

PH Q: On this table, 1 believe your testimony, 
pq then, is that you would not move up "increased risk 


l<l for nonrespiratory cancers" at this time? 

PI A: No, what I would do in the intervening time 
PI before the trial would be to review the additional 
PI health literature on a few of these topics, such as 
Pi asthma, such as respiratory symptoms in adults, and 
to cardiovascular disease, and possibly nonrespiratory 
Pi cancers.And sudden infant death there’s been more 
Pi work done. And I'd attempt to look at that 
(H evidence, possibly discuss it with John Samet, and 
[iq see if we would reorder this able, 
pq Q; Are you telling me that, as you sit here 
[ig today, you would require further work to provide 
[taj opinions on all those topics that you just 
Ii 4 identified? 

[iq A: Yes. 

iiq Q: Now, 1 want to make sure that you 
(iq understood my question.Your disclosure statement 
lit) says that you would testify about the worldwide 
[iq scientific and medical communities consensus 
p«l regarding ETS exposure in airline cabins. I believe 
pi] that the answer you just gave me was not restricted 
PH to airline cabins; is that correct? 
pal A: Well, I was getting to that point, 
pq Q: Okay, please go ahead. 
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(i) exact question. 

pi A: Well, you can argue what the first question 

PI is- ' 

H! Q: Let’s start over. 

pi A: I thought I was answering that question. 

(ei Now you sort over by posing the question a 
m different way or restating ii. 

Pi Q: Would you agree. Doctor, that as we sit 

P! here today, there is no consensus in the worldwide 

Ii 0 ! scientific and medical communities regarding whether 
|ii) ETS exposure aboard airliner cabins causes disease? 

|iq A: I guess If you were strictly interpreting 
im the words. I’d have to come back and say, a 
ih] legitimately constituted, fully representative 
(is) organization of science and medicine that have 
lit! knowledge in this field have never made a proactive 

[ii] determination about the etiology of various diseases 
[iq with respect to exposures In airplanes. 

|is| Q: Okay, thank you. 
pq (Recess) 

ptl BY MR. FURR: 

pj| G: Dr. Spengler, I want to go back briefly to 

PI the issue of whether there is a consensus of the 
p«l worldwide scientific and medical communities about 

. 
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tn li^$§^ommuiiitle$ that cxpo^^^^fS in airline 

B caf^sSiuses disease? . 

Pi has asked them thatqus&km 

Hi QlOa&tor. I'm not the one th^jaToffered 
is) thi^^wdence, the Plaintiffs haVe, ^ 

P) Orient to know, you’re telling me th^t -1 
m thldfiSjSSp're agreeing with me tlpliliStfii consensus 
n doefeeggtxist today. L i 

no) «h:TIQAG-. Objection. P®»|P®s| 

l«*l pSiS^iStiRR; Let me finish my quesdony 

ii3] Qj||t that there would be one if they only 
i'*j co^^|d the issue; is that what you’re telling 

no RjR. HOAG: Object to the form of the 
|o) qu^SS^ObJeet to telling him what he just said. 
t»*J Objwtibased on the fact that he’s already asked and 
[i»l an#ere^.TJie fact that you don't like the answer 
po) thai&rpt^that you may disagree with the answer 

PH you gave, may be a problem for you, but he answered 
m the question. 

poj MR. FURR: I don't think I'm going to 

OT disagree with the answer when he finally answers the 

Page 151 

(it exposure to FTS aboard airline cabins.You told me 

Pi that "a legitimately constituted, fully represented 
(31 organization of science and medicine that have 

Hi knowledge in this field have never made a proactive 
pi determination about the etiology Of various diseases 

Hi with respect to exposures in airplanes," correct? 

PI A: That’s what I said, yes. 

|i] Q: And so that’s another way of saying, isn’t 

Pi it, Doctor that as we sit here today, no such 

HU consensus exists? 
nil A: No. 

[in Q: It’s not. 

(in A: In my opinion, no. Do you want an 
[Hi explanation? 

[is] Q: Doctor, arc you speculating as to what the 
[iq consensus would be? 

im MR. HOAG: Wait. 

[it] Q: No, I don't want an explanation. I'm 

im asking the next question. Arc you speculating as to 
poj what the consensus would be if these worldwide 
ml scientific and medical communities attempted to 
pzi reach one, or are you telling me that it's already 
( 23 | been done? 

pi! A: No, I said I told-I'm not saying the 
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[ij Q: Doctor, you’ve been handed an exhibit 

PI. that’s been marked as Spcngler Deposition Exhibit 4, 

Pl which is a document entitled "Executive Summary, 
t*j Aircraft Cabin Environmental Survey," Are you the 
l$ John Spcngler that's listed as the first author of 

H this report? 

Pi 'SA: (Wfcpess reviews document)Yes. 
m I Q: Is thfc an Executive Summary of the ABC 
pi 2^a$ngi$ly that you mentioned earlier today? 

to] f Q: Has> there ever been a publication in the 
(it) si^iS£&'|terature on that study, other than this 
im Executive Summary? 

[hi .AlPm* of the study, yes. c 

[isi for^Pl are those listed In yo urtJV?^ 

(i «1 think so. 

nn ; Q: Could you identify those pdofi cations for 

n*) #«§!»< 

(is) f A: l know that Harriet Burge ahdMike: 
m Muilenbffi. who both appear of this 

Ut) Summary, have presented the biological 

m fh)dR(|gs«iexcuse me - some of tlfig&iflllfacal 
[23) findings at their scientific profes|^S^«ctings. 
pa] And I believe those meetings alsS%tSf®fed written 
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[i! years after the six-hour smoking ban was implemented 

H in this country; is that correct? 

Pi A: That’s correct. 

|4j Q: Did ABC tell you why they wanted this study 
r conducted? 

PI MR. HOAG: Til just object as to questions 

PI about why a corporate entity called ABC wanted to do 

Pi something. 

pi MR. FURR: I asked him what he was told. 

[ioj MR. HOAG; You just asked him what he was 

(Hi told. 

pi) MR. FURR: I asked him what he was told by 
ini ABC about why they wanted the study done, 
lit] A: John’s interruption I think was useful, 

[isi because k allows me to relate that we were 
(to approached by Dr.TimothyJohnson, who was a 
(17) physician forABC News, and asked if we would serve 
[it] as consultants to a set of investigations into air 
;iBl quality on airplanes. And as we continued those 
peg discussions with him, it seemed reasonable that we 
pi) should conduct the measurements ourselves.And they 
[ 22 j left it really up to us to determine which were the 

P3j important parameters and conditions to investigate. 

;[24| Q: And so the parameters and conditions that 

# p«i yjstid 

I 
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pi extended abstracts. So in that sedli^;ft%Stild have 

PI beeonubjished in the scientific donate; 

Pl ofnjav| any. scientific articles study 

W appeared in the peer-reviewed 'literature? 

(S) 

pi Qihflt'^orrect that ABC funded this St tidy? 

m Q'^^^d you tell us what was^onctn.this 

l>°] put a sampling protocol together 

in) thattoclutled the parameters destegsfesiSi this 
(i*l Excctttw^ Summary. I can recite them again if you 
ns] want^ft 

[it] all right, no, you don’t need to do 

lisj that^ 

(in A&gguygve flew on some 22 flight segments, I 
[in gueSs.jyith the design to get near full load 
[i»i conditions; and to attempt to answer the issue of 
im public qorisem about the quality of the 
so) environmental conditions in aircraft cabins, 
pi] Q: This study was performed in 1993-’94; is 

P 2 i that correct? 

(23) A: Yes. 

P4] Q: And so that would have been three to four 
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in you investigated were in fa a the ones that you 

Pi thought were important to look at? 
pj A: Yes. 

|4| Q: Is it correct that there was no smoking on 
isi any of the flights that you sampled - measured on? 
pi A: That is correct, 
pi Q: And you told us earlier that you have 

PI custody of the underlying data; is that correct? 
pj A: Yes. 

[ioj Q: My first question is one that I don’t see 
[ii] addressed in the report, and that is, what did you 
im tell us about the particulate levels that were 
im measured In this study? 

[i4j A: Nothing, We didn't measure particles in 
ns) this study. 

(i«l Q: You didn't measure particles in the study? 

[in A: No. 

Iiq Q: Why is that? 

nn A: Because in the absence of cigarette 
po] smoking, we felt that the paniculate levels would 
pi) not be of primary concern or even secondary concern 
pal as an undifferentiated particle count mass.What we 

123) thought was more relevant is what is the biological 
t?4] component of airborne particles; namely, bacteria, 
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in fungi.And tha?s why we chose 10 focus on that 
ps data as opposed to having the burden of carrying yet 

01 another instrument, it was a uade-off; we couldn’t 

PI do absolutely everything we wanted to do. 
re Q: We’ll get into this in more detail later, 
m but what is your bottom line with respect to the 

Pl average respirable particulate level aboard 
t« comfnerciiiaircraft in the absence of smoking? 
m 4 h’s 2 Q-;mlcrograms per cubic meter plus or 
|iq mimi^Ji^niicrograms per cubic meter.You can always 

HO findexcepuons to that, but that is what I've seen 
l«l as i^ntatfiialue on measurements that I’ve made 
(ill this study, 

in] dir-Let's nim to the Executive Summary and 
t<q lookgjg&fepirst paragraph, the fourth sentence in 

M the’firsppaiagraph that states, "Mem 

[in univSilh'ei.ihe real and doaimen^ediliiilkids of 

HO incased exposure to ozone and radiation, express 
in] the also real possiWBt^fStbome 

pa infection“^ifWiat correct? L..JL.Ji 

PU <f: Mbf, it is your opinion thay*tan£| 
psi expiSi^fctaboard commercial airl|let|pre real, 

P 0 documented hazards; is that corre^|jf&jB|:| 
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ii] flights, between 10 and 20 percent, had either the 

PI three-hour or flight-integrated ozone levels 

Pi exceeding 100 ppb"; is that correct? 

HI A: Yes. 

ra Q; What were the highest ozone levels that you 
pj measured? 

Pi A: let me straighten out a misimpression. 
ts] This Executive Summary included the work done for 
pj ABC News, 20/20, and that additional study conducted 
(ic] by Sue Ludwig under our direetion.Just so that the 
pi] ozone measurements ate not incorrectly attributed to 
(i 2 | the domestic flights, all right. 

(is] Q: Okay. 

(Ml A: And so in effect, I’ve answered that 
psi question that you've posed in our discussion about 
pci other studies that we had done when I talked about 
pn the ozone measurements made on transpacific 
[i 9 j flights. And again, to the best of my knowledge, 
p 6 ] the highest levels were in the 200 parts per billion 
l») range. 

pi) Q: Did you measure ozone in the ABC study? 
p 2 j A: No, we did not. 

pi] Q: With respect to transpacific study, you say 
pi] that "Prolonged exposure to ozone at these levels 

rife SSmj 


PI AfYesfwfth the caveat not all, t|pg|^| 
pj long aFft^not taken as a universal'stateme'iiT. 

|j) It's hazard on every single ihg^gretase 

H! weVc^wfggheoted plenty of flighggSftwsithere is no 
[si ozones \ ; ^ 

Pi Q: an occupational haziriTtSiatH 

Pi members of crews face, isn’t it? t J 

M A: ijSdbSvery specific conditiop/p^'' 
m O; TgMMjfu. those conditions? 

1.01 A: ffi^fecan tell you what 1 belief*: this 
i<<l poiated risk factors fof.,t)ji^}j,.p^one on 

pjj Q: lease do. 

PA A: OghBtinide flights, high altitude 

PS] flights,flijiifuj in the springtime in the Northern 
ii«] Hem i ,: ere, and flights for which their catalytic 
iiri convep^^lre inoperative or poorly functioning. 

Pi Q: ^S^guess the common factor for all these 
iisi issues jha.tyb.'^Ve listed is that they tend to raise 
pj) the coSmraiSjon of.ozonc in the commercial 
pi] airliner cabin; is that correct? 
pj| A; In their sum, yes. 

pi; Q: Now, on Page 7 of this Executive Summary 
twi you state that "A substantial fraction of the 
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p] has been shown to reduce lung function and cause eye 
pj and airway irritation"; is that correct? 
pi A: That’s correct.Actually, that paragraph 
pj suns out with "in our separate ozone survey." So 

Pi it makes a distinction there. 

psj Q: Now,you seem to be distinguishing the 

pj transpacific flights from the domestic flights with 

19) respect to the ozone exposures, 
w A: Yes. 

[to] Q: Based on tile factors that you gave me a 
in) moment ago as risk factors for increasing the ozone 

Ii 3 concentrations in the airliner cabin, this would not 
pj] have to do, obviously, with the time of year that 
pi] the flight is made, because domestic flights arc 
pq made the same time of year as transpacific flights, 

[iq correct? 

(in A; Correa. 

pa) Q: And It would not have to do, would it, with 
]i«l how well the catalytic converter was functioning on 
pq the airplane, because that would be a commonality 
pil between the two types of flights, wouldn't ic? 
pi; A: Yes, It should be. 

psj Q: And so this would primarily be a function 
pi] of the latitude and altitude that the plane flies 
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d] Executive Summary.You said that the other real 

Pi undocumented hazard that some of us are unaware of 
pj is radiation; is that correct? 

Hi A: Yes. 

1 st Q: Is this the solar and cosmic ionising 

Hi radiation that wc were discussing earlier today, 

Pi Doctor? 

Pi A: Yes. 

PI Q: Now, in your ABC study, you didn't actually 
no] sample for radiation, did you? 

(it) A: No, wc did not. 

|iq Q: Again, was this one of those decisions you 

Iuj made to terms of the trade-off on how to spend your 
(mi money and time? 

[isj A: Yes, that's exactly right. Making those 

iisi measurements is rather - it’s complicated. It 

|i7j requires a more sophisticated set of instrumentation 

lit) than we had available to us. 

mb] Q: Doctor, it is your opinion that further 

pt$ study needs to be done with respect to the ionizing 

rat) radiation exposures of commercial flight crews, 

rat isn't it? 

tz>j At I would say yes. In feet, it is being * 

p<l done; the National Institute of Occupational Health 

# piii 


if would be in the l^pPUBft has 

Pl pr§pljged exposure to those levcls^.^ 

(<i also state in that sar^-psrag^ph that 

[Si "Tests with animals show that:chamic,oaonc 
(<>1 eitpO^re results In tissue damage, loss of clastic 
(7) r^g^nd increased coUagen&cM$^j$n at the 
m b&nagolar level." correct? [ 

mysasaafcfew. what are the health co|seq|ieiices of 
[iiT3fo|ephysiologic changes? |®g|sp| 

|tai Ai^mpiy stated, ozone haslxeeoshSwn to 
iuj cf*£h|&the underlying apchlcecture of lung tissue 
|i<] th*|:jvtquivalcnt to accelerated aging of that lung 
us] tissue. So the Implications would be a decrease in 
(i«j 1 surface area for air exchange, decrease in 

Itrj ldr^oiiinie.So all the processes that we go 

t>«) in life anyway, this would accelerate that. 

l<»l :;rfiti;j^!^e are processes that underlie 

pci development of emphysema, aren't they? 

pi] A: In part, yes, but that happens primarily in 

is] the lower airways.This could happen throughout the 

[»] conductive airways as well as the lower airways. 

p4) Q: Let's go back to the first paragraph of the 
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PI and Safety is doing such a Study. 

PI Q: Now, that study is limited to reproductive 
pi effects, isn't it? 

Hi A: 1 believe that’s the primary outcome they 
ft) arc going to look at. 

|ej Q: That study is not looking at cancers or 

Pi neoplastic outcomes, is it? 

Pi A: That's not - no. they're noi designed to 

Pl do that. 

jioj Q: Dr. Spengler, who are the experts in this 
ini country on the radiation exposures of commercial 
(isi airliner crews; are you femiliar with the people 
[iij that you consider to be experts on that topic? 
tit) A: No, I don't know them on a professional 
tig basis, no. 

(id Q: Can you identify them by name? 

(in A: I would say -1 was going to say Dr. Dave 
ini Moeller, who is a health physicist who knows an 
ini awful lot about this topic, as well as exposures to 
poj radon and natural background radiation, But to the 
pi) extent that he's actually done active research on 
m this area, 1 don't know, 
pi) Q: Are you femiliar with or aware of the 
pi] professional reputation of a radiation physicist 
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(>l named Brandish? 
r A: No. 

m Q: Excuse me,Barish, the same question.The 
m name is Barish. 

(s) A: Where is he from; where is he located? 

M Q: New York. 

m A: At NYU, or the Department of Defense, 
n Depstptnenppf Energy? 
m Q? I'm not pertain, 
lie) Ai'^rwgr 

nil Q: tetr turn to Page 3 of the Executive 
nu Sumo-ary. In the “Results" section you say that 
(i 31 "Dutfeghoirdiag and deboarding C02 was 
(i 4 ) substantially higher than during cruise, with levels 
(is) of 20 Q6 : p pflKto 2500 ppm being typical." correct’ 
(iq At 
t«7| Qt 
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hat were the highest Is; 


[«! that you found, do you recall? 

[id ArjJIsiKjwwe had some short-tcn$»exp©*tires 
pci above 3.000<si | ”T" I 

pil Q: Agcl w^t are the health and cewsfort:: 

implgS ! < -' o{ those types of exposures? i 
pi) A: ageftafei t’s a good question.Tb^^f^ 
po cenainly could be the - this is an 


in Q: Is it fair to say they just complained 
pi about not feeling well? 
pi A: Like I said, some are very specific as to 
Pi what it is that they don't feel well from,and 
(d that’s specific symptoms.and some could be 
jq characterized as a general malaise and excessive 
(73 fatigue. 

M Q: Do they continue to complain of symptoms 
pi that you would associate with exposure to irritants? 
|ioj A: In some cases, yes. 

(ii) Q: Do you have any expertise in the health 
(i7i consequences of the disruption of an individual's 
(is) circadian rhythm? 
ini A: No. 

PS) Q: On Page 5 of the Executive Summary you 
PC state that "All dust samples had measurable 
iiv) quantities of cat and mite antigen,” correct? 

(tij A: Yes. 

[t«l Q: Now, axe cat and cnite antigens irritants, 
poi Doctor? 

pil A: No, they're allergens. 

( 22 ) Q: Well, now, oa Page 6 in the discussion of 

(23) cat and mite allergens in the second paragraph, 
pa) first full paragraph on the page, you conclude by 


Pag# 170 



ID deermij 
pi individta 
PI one exq 
Ml sometiri) 
isi imply is ; 
[q airwerA 
Pl conditio 
Pi implicatf 
Pl among d 
(io) unoomfc 
ini Q:lfS 

|i!) yourwb 
pa] factors t] 
(isi that fligi 
(is) make to 
fiq you reel 
nil A: Yei 
(in Q: 


S tilation per person,b& 

the source of carbon ofejjjde? with 
ccptiop, that might be the dry jyg§p&t is 
Mai d on the plane. So wl |ffi j| y iiild 
sj±at qther conuminams tha were in the 
diluted to a lesser exwmuiid^r 
orisnisT.this elevated carbon dioxide. the 
;d®l^|ould be an overall seipSipP^cepeion 
the]occupants that the air is urallcasan t. 
fOftable,and perhaps even irtdhiipig%Titadon. 
tfiS md|ning when we were t^Ud^ about 
f Bocing, you told us tl^^W the 
imulatcd the study was the complaints 
indants and their unions continued to 
employers, to yourself and others; do 
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|i) saying, There is a plausible biological connection 
p) that can be made between endotoxin exposure and some 
P) respiratory irritation reported from passengers and 
( 4 ) crew," correct? 

Pl A: Yes. 

iq O: And so maybe I should ask, docs exposure to 
P) cat and mite allergens elicit the same symptoms as 
P) being exposed to an irritant in part? 
pi A: They could. 

(ioj Q: What are the consequences for an asthmatic 
(ii) of being exposed to cat and mite allergens? 
ns) A: If they were positively reactive to those 
|i 3 ) specific allergens, that given a high enough 
in) concentration, you could induce wheezing, bronchial 
(iq constriction, or even a full asthmatic attack, 
uq Q: On Page 5 of the report, with respect to 
;i 7 ) VOCs you state at the bottom of the page that "The 
entrations of total non-methane hydrocarbons is 
high and exceeds the concentrations associated 
sick building complaints of eye and mucosal 
don"; is that correct? 

Thar's correctly sated, but I probably 
d not draw the same conclusion as we finish up 
aper. 
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in Q: And why is that? 
pi- A: There's been a lot written recently on the 
pj inadequacy of using a combined VOC index in sick 
Hi building investigations, that one doesn't know the 
p] real causative effect for eye irritation and mucosal 
it] irritation until you teally determine the 

i of the various constituents. For 
nple.fn this particular case, airplanes, the 

ompounds in theVOC categories were 
nq acttotfevisopropyl alcohol, and methyl alcohol, 

(it] tjfliich are not very Irritating in and of 

, because they're so water soluble. In 
, some of them - all of them are produced to 


Pago 172 




.t by our own bodies anyway, our 


(24j occupational limits. 


So I'm not as san] 
cremating VOC indl 
lose compounds that 
itaring in combination*, 
at some level you caul 
’think so far we stated 
cations that were fo 
ions were found even 
ring threshold limit va! 


e use of 



Ml A: I don't know that personally; I’d have to 
Pi go back and look at the literature. 

P) Q: But I take it that since that’s the 
HI analysis you applied here and drew some meaning from 
p) it, you would think that that was something worth 
R looking at’ 

m A: What's the mixture? 
m 0: The threshold limit values for the 
P) constituents of environmental tobacco smoke, 
pq A: It’s one point of comparison; it’s not the 
!ii] only point. 

Ilia] Q; But by looking at that, you determined that 
(tjj perhaps the conclusions about the non-methane 
I«] hydrocarbons that you were making based upon your 
Ilia airline cabin measurements needed to be rethought; 
ptj is that correct? 

117] A: 1 wouldn’t say rethought; 1 said I was 
((is) rethinking this with respect to new evidence in the 
(it] literature that suggests that total VOC as a 
( 20 ] combined measure of all the VOCs in a mixture was 
|pi] not holding up as a good predictor of building 
CT complaints related to eye, nose and throat 
OT irritation.That’s the part I was rethinking. 

Q: And you said you attached some significance 
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PI is this considering thetSp^SSStion? 

pi A: TMif s considering them in isoladqojiut 
P) I dofi%?w»t to contradict myscffj^$s8^%clieve 
Hi that ffi^Hnects of mixtures will bi?trxpertenced 
is] wellbeloiv threshold limit valuesisf-iftduqdual 
H) compiot^Sls.And 1 think that’s actually becfi 
I fairly recently in chan 
; one of the things 1 wis going to ask 
¥ assessing the toxicolo^$pf|£ of a 
, isn’t it thought yiatihc inixture 
t studied as opposed i®t&pte|lividual 
tits? * • 

au have to do both, 

QT^ptncnt ago did you say that none of 
“ T>u said that none of the Individual 

ne hydrocarbons that you measured exceeded 
hat was the standard that you referred 




Jcrring to the occupational 
xds,OSHA standards. 

Q: Isn’t it correct. Doctor, that in real 
pzi worid environments, none of the constituents 
P*> contained in environmental tobacco smoke exceed 
p<] those standards either? 
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[i] to the feet that none of the concentrations for 
H these individual non-methane hydrocarbons exceeded 
PI their occupational threshold limit values, correct? 
hi A: That’s correct. 

Pi Q: And that same analysis should apply also to 
m environmental tobacco smoke, shouldn't it? 

PI A: If 1 were looking at all the constituents 
w in this setting or some other setting where tobacco 
PI smoke is being used, one point of intetpretarion 
(icj would be to compare it to threshold irritation 
Mi) values compound by compound, 
pa) Q: Thank you. 

tm (Document marked Spengler Exhibit 5 
(W] for identification) 

liq Q: Dr. Spengler; you've been handed a document 
[<q marked as Spengler Deposition Exhibit 5. It is a 
jl«] copy of some testimony before the Subcommittee on 
'ire Aviation of the Committee on Public Works and 
MB] Transportation, House of Representatives, in 1994; 
caoi is that correct? 
pi) A: Yes. 

na Q: Is this at least part of the Congressional 
p3] testimony that you were attempting to recall this 
p<) morning when wc talked about Congressional 
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|i) the FAA report, and other published repons, such as 
H the Wilson’s article on radiation levels measured 
Pi for Qnanus, say that we're in a better position to 
Hi underscore some of the conclusions and 
H recommendations thar we made. 

Hi Q: And which conclusions and recommendations 
m are you in a better position to underscore? 
m A: I’d have to go back and refer to these. 

Pi Q: Go ahead and highlight them for us. 

[ioi please, 

(uj (Discussion off the record) 

(is! A: I’ll give you some examples, 

mi Q: Okay. 

I«i A: We had a conclusion about ozone, and we 
[isi said that if FAA - "Therefore the committee 
[iq suggests that FAA carryout a carefully designed 
tin program to ensure that cabin ozone concentrations 
lit] comply with Department ofTraexportation 
[uj regulations." 

|M| Another one on carbon dioxide. The FAA 
pi) scandard is much higher than standards for other 
P 2 j confined enviicmments-The committee recommends 
pa) that FAA review its carbon monoxide standard " 

[?») Wc had something on ventilation. "The 


wsm 
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think we are 

cal 


pin 
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PI committee found that if the lowest rates of 
pi ventilation permitted by current equipment design 
pj were used under conditions of full or nearly full 
W passenger load, the result of ventilation rates 
is) would be at a minimum determined to provide 
[bj acceptable air quality when smoking is not permitted 
Pi and other contaminant sources are not present," 

PI I don’t see where the recommendation is 
M here, I'm sorry.Then it says. "Recommended," "a 
pgj data collection program that measures the airflow 
in) and contaminants on airplanes should be 
ini implemented." And they did respond to that 

in] particular recommendation with the Geo met report. 

|u) There arc others that call for a health 

MS study. Here. "FAA should consider rulemaking that 

[i«5 restricts exposures to pregnant flight crew and 

(in cabin crew members. In addition, FAA should 

pi) investigate total radiation exposures of flight crew 

[ill and Cabin crew members through the use of a 

pd statistical sample of full-time employees and should 

pi) require airlines to provide precautionary 

pt) information to their flight attendants about 

P3) radiation exposures." It says. The committee 

im recommends that FAA establish a program to monitor 
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selected health effects on airline crew's." 
i So 1 could go through, but what I was 
i referring to is not only our study but additional 
i studies provide more evidence that they need to 
! examine the consequences to this occupational group, 
i Q: And these statements were made in the 
if being four years after the six-hour 
ban, correct? 

‘ ‘ acted on any of your 

regarding radiation? 






NS;xl 


«(riiilnr4(. 


11,let’s see. Radiation liner 
n<l didn't do radiation.! don't kno. 


■ all.* i«Hs| 




Li j 1 

^ rfVr r ^ ^ U 

itiT JLlfc ’I 
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lil particular significance to her testimony? 
in A: Because it was really showing data that was 
Pi contrary to the conventional wisdom. 

M Q; So is it fair to say that under certain 
isj conditions she was showing that ozone exposures 
K aboard commercial aircraft are higher than 
pi previously thought? 
m A:-Yes. 

M Q: And it's important because the health 
pi? consequences of ozone exposure aboard commercial 
to) aircraft therefore may be more severe than' 

(in previously thought? 

(us A; No, 1 don't think that was the case. It 

pq was more to the point that given the set of 

im symptoms, complaints that flight attendants had in 

(it) terms of their respiratory irritation and eye 

(in irritation and fatigue and possibly their increased 

(i«! infectivity,susceptibility to infection, that 

(i®j exposure to ozone was a plausible contributor. 

pt>l Q: The last paragraph. Page 132 of your 

pi) Congressional testimony, you state that "Despite the 

m prevailing assumption among the flight crew and 

ps) passengers that they are at risk from illness, 

p*l reproductive problems, and from cancer, we still do 



iT<r? 


iSSSSSMMM 
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m not have a thorough study of prevalence." correct? 

P) A: Correct. 

pi Q: So your testimony is there is a prevailing 
K assumption among flight crew members that they ate 
in at a risk of developing cancer from their 
(E) occupational exposures? 

(7) A: Yes. 

P) Q: And you were making the statement in 1 994 
Pi in the context of a six-hour smoking ban, correct? 

(id) A: Yes. 

pi) Q: Were you in fa« referring to the risk of 
(is) cancer from ionizing radiation? 

(is) A: No, it was both, it was that plus-but 1 
|i<) think a lot of the -1 think a lot of the concern 
[is] was. again, not from ionizing radiation; I don’t 
li«) think there was a high level of familiarity with 
(i7) that issue among flight attendants. I could be 
{••) wrong, but at least those that 1 talked to, that 
[i(l wasn't expressed as being high on their list of 
pm concerns. It was -1 think the issue of primary 
pij concern was the intercontinental flights that still 
pz) allowed smoking, and some members of the flight 
pi] attendants' associations were still exposed under 
p*j those circumstances to cigarette smoke. 
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(il But I think that the general statement is 

Pi true, one would want to know the prevalence of 
pg cancer by tumor type,and then from tumor type, you 

14 ] do your age adjustment and gender adjustment and 
m other things and determine whether you have any 
n excess in this population. 

PI MR. DAVIDSON: You said "intercontinental" 
rc flights with smoking; did you mean ' international" 

PI flights? J 

(ioj T^pg^JESS; I'm sorry, 
till WR.&AVIDSON: Thinks. 

(ij) fHEMJiilESS: I did misspeak. 

(i 3 ) 'intercontinental," yes; not 

IK) "inlnt * “inter." 

(isi Mf^DAVlDSON: You meant overseas flights? 

(■«) f ftffWTNESS: I should have said'ttjjuwj 

(17) SBsiSStJSON: As opposed to tessSskotintrv 
|i»l flights? r 

no Right. r.. ^1 

pot 6 : You afeb said that "We still d^ o^ Sa^e a 

mi thoreugh,^idy of prevalence," bottom 

M ^Antffsthls the type of study^^^^ve 

P« 9 « 186 

ID either from early diagnosis of tumors or from actual 

H cancer death records or death records identifying 
p] cancers within this population, do a case-control 

M study. 

re Q: Let me try to restate the point you're 
re making, and you tell me if five got it right. Is 
( 7 ) the point you're making the simple fact that we 
re don't actually know whether flight crews experience 

P) an increase in serious chronic diseases like cancer 
[io) compared to other populations? 
pij A: That's correct;it's anecdotal. . 

[i 2 j Q: In the next paragraph on Page 133 you say, 

[is) "I just want to point out that radiation has taken 
ri 4 ) on a new significancc.There is a recent article 
[is) published by Wilson, ct al„ in Health Physics this 
[iq month about a study which looked at radiation 
[i 7 | exposures to the pilots and crew of Australian 
pi) Airlines.They indicated that the exposures have 
(i«l increased over the previous ten years”; is that 
m correct? 

pi) A: That’s correct. 

pat MR. FURR; Let's mark this, and I'd hand 

Pi it to you, and you can tell me whether this is the 

P 4 ) Wilson study that you were referring to. 



---ssr -ptfllSr page ies 

(i) taUf^Stw^ on multiple occasion^^^ith 

S 2 ) respectactually knowing wfietkier commercial 

Pi flight efiSW*in fact experience an moxassed 
( 4 ) incidetteei'^f any of the diseases th^KSy.C'been 
tsi ttlkin&$t>oui? ; 

re A: ifauto^saying, is thac cunent§ fi {Ke^\ 

P] situation^ t J 

P) Q: fj« 

<5 

PD tes#isp^f|u say that This needsto tc.dgnc 
pa) becauSe; W*'ilon't know the freque^^ii^illnesses. 

(i#i And cac^ontrol studies Of cancer among the cabin 
(«i crew #gjp pilots arc needed desperately"; is that 
;is) correct*®*' 

pi) Q: 9<&£t%ere you referring to there? 

(it) A: Ipagireferring to - well, 1 was referring 

P «1 to the fact tsatJhere Is a huge population, in 
poi panjcwP^^Uots, for which there was lots of 

PC medical evidence in terms of their every six months 

He physical fitness, flight fitness examinations, but 
(23) yet once they retired, there was no follow-up of 

R 4 j this population. And that it was possible to do, 

Page 187 

[i] (Document marked Spengler Exhibit 6 
: Pl for identification) 

re Q: You've been handed what’s been marked as 
re Spengler Deposition Exhibit No. 6,1 believe. IS 
re that the Wilson study that you were referring to in 
re your Congressional testimony? 

PI A: (Witness reviews document) Yes, it is. 
re Q: In your testimony you said that "Radiation 
re has taken on a new significance “What did you mean 
[m to convey by that phraseology? 
i|nj A: I meant - what I was conveying is that it 
[i 2 ] may be more important than previously thought 

P 3 because of - looks like trends and exposures, which 
|i 4 ) I belie vc, If! recount this article correctly, it 
[is] was a combination of change in aircraft design, plus 
[in flying higher, as opposed to a real change in the 
lit) radiation flux to the Earth.And the other reason 
pq is that these flight crews are flying longer in 
(ist terms of their occupational profession, more years, 
poi so they have the potential of having higher dose, 
py Q: And therefore a higher health risk; is that 

P 2 ) correct? 
py A: Yes. 

pi) Q: In the abstract to the Wilson article they 
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10 state that "By use of this method, annual 
pi doses up to 3.8 mSv" - which l believe is 
PI milliSieverts - "were estimated for international 
PI crew members’'; is that correct? 

Pi A: Yes- 

H G: What's the health significance of that 
pj dose? 

A: W$ U, it’s just slightly below the limit 
[ that haiheen established for occupational exposures 
ition workers. So that’s one point that's 
leant.That’s the primary point. 

Q: Mtd how was that limit for occupationally 
radiation workers established? 

A: I'm not sure. 

that limit Is not a limit, 
ed to assure that then 
the exposure; is that | 

A: 1 believe it’s been establis 

nal Committee on Radiation'i|otection. 
dlcaliy they review the £K|ratJtre on 
ionizing radiation efffil§ii®f 2 ncer, 
ere they feel It's necessary, theyrevise 
e limits. 


Page 166 




O: Let s stick with the Wiiso 



rone 


l« 

ra 

pi 

w 

pi 

p 

m 

pi 

K 

i>»i 

fin 

['n 

N 

I") 

(IS) 

Ml 

lit) 

n*i 

1191 

CT 

mi 

CT 

CT 

CT 






agree with that statei 



If you would go to th<j 
ins" section on Page 5 
tadiation exposure to 
ion states, "It is reco " 
limit below which absolute safety can be 
;d.* Do you see that stitemeir 


;ion and 
the context of 
1 flight 
jhat there 


Page 169 


’t you? 


^’5 go back to your Cong 

In the same paragmpjjy^u|a}’- after 
>ut the Wilson arriclc^ri^af^By 
idon, and because of the kinds of routes 
ican crews fly, the radiation exposures of 
could be higher than their Australian 
.They didn’t draw that conclusion from 
Its, but 1 do"; is that correct? 

>w high do you think that the 
f O.S. crews may be? 

How high? I don’t know. 

Something that needs further study? 

Yes. 

In that same paragraph, your last sentence, 


Ml 

PI 

PI 

M 

P 

P 

PI 

PJ 

PI 

CT 

HD 

liq 

CT 

CT 

li*l 

liq 

ct 

p*i 

CT 

CT 

ct 

PS) 

)CT 

CT 
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you say, "Even at 5 MSR" - or at least the 
transcript says that - "Even at 5 mSV‘? 

A: It must be mSv. 

Q: "Even at 5 mSv per year, the risk of cancer 
is one in 4,000, which is actually higher than what 
we require for SuperFund cleanups," correct? 

A: Correct. 

Q; What would you say the risk of cancer is at 
3.8 mSv per year? 

A: It’s proportional to the ratio of 3.8 to 5. 

Q: So it’s a linear relationship, in your 
mind? 

A: Yes. 

Q: By the way, how did you derive this 
dose-response relationship for 5 mSv having a risk 
of cancer of 1 in 4,000? 

A: I didn’t derive it;I think that it was 
stated somewhere. It could be in the Wilson 
article, or it could have been in the other 
publications, such as the National Academy Report on 
Biological Effects of Ionizing Radiation. So I’m 
sure I got it. I'm sure there's a reference on it, 
let's put it that way. 

Q: As you sit here, do you believe that that 


Page 191 

is an accurate description of at least one part of 
the dose-response relationship for ionizing 
radiation exposure and cancer risk? 

A: I hope it is; I hope it’s quoted right. 

Yes. 

Q: Now, you've told me that you're not sure 
how high the radiation exposures are for commercial 
crews in American - in U.S. domestic flights, 
correct? 

A: Correct. Let me go back to the previous 
question. 

G; Sure. 

A: Because it's in this Wilson article on Page 
501, at the end of that first paragraph on the left 
column. 

Q: Okay. So you took that dose-response 
information from Wilson? 

A: Yes. 

Q: Dr, Spengler, how does the occurrence of a 
solar flare affect the ionizing radiation dose that 
commercial aircraft crew members receive? 

A; It affects it dramatically. 

Q: Can you quantify that’ 

A: No. It varies by the altitude and the 


B 
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HI intensity of the solar flare, 
pi G; When you say "dramatically” can it double 
PI or triple the exposure? 
w A: Yes. 

ft) G: Can it result In exposure of 200 times the 
M normal dose received by flight crews? 
pi A: In some certain locations, 1 believe.Over 
pi the poles it could be. 

r»l Qisflow Eloquently do flares occur, Doctor? 
liq Ailatge enough ones to disrupt or have a 
|ii| r.oti cti&ItTCha nge in the flux of incoming radiation, 
lias fortunately rather infrequently. It's decades, 
nil It's iL&n*n|er of tens of years, I think, 
ini Q I'fim mere arc in fact several solar flares 

list eaclryear, aren't there? 
uq arc some. Some don't escape 

iwj the itnaiBha te of the sun. [ 

im Q$TOswct that there is aau^Mmt* 
l«t type^ ; p;pced ur c in place by whlrfi comipercial 
pcs aircip^ro^re supposed to be wfro^U^>ut the 
pt) occurrence ejfa solar flare? 
m A:0s&0i-iy understanding. 
t*»i P Ch jMso correa that in fact c qm»cm6 i 
P* l airciflPP§SFp|rcws in the United States "" 


Pago 193 


(i| rtcctsm 
pi A: 14 
Pi Q: Yoi 
Pi testimon 
P) A: Yej 
Pt Qt’Wf 
Pi you revJi 
PI hearing^ 
Pi A:!« 
(toj Q: DO 

ca C A^w| 
HU agreeme; 
H*J Q: Le| 
(in the last I 
liq that Thai 


:ssional 


ri‘t know. ® 

re accompanied in your 
£)r. Burge, correct? g 


poken about her befo&T0dSry4iavc 
I the testimony that she gave agthe 



Pi A: I ws^th^re, but I did not reviejv this. d 
l*oj Q: Doyourecall whether you agi»SSp§i$& the 
pij testiJ^p^k she gave? ! f j 

|( 2 i A: find ourselves in perf^Mli:!: 

I«) agrcemco|*bul we agree on most things, yes. 
luj Q: lxfSlSbk at her testimony on Page 134, 
hot the last ftJSa^raph of her testimony. She states 
(t«l that Thi|re is not one single study that measures or 
(it) in any q&y^lcunients health effects along with air 
(ii) quality (w^srements.Ail the studies wc arc 
no) hearin rabouroa lv report measurements of specific 
pot pollutaiitj-;W?tiiven't heard about any study that 
PH correlates measure of specific pollutants with 
(a! health effects. Until wc have this kind of data, we 
p)i arc not going to know whether or not the air quality 
p*i in airplanes is actually safe." 


Page 194 

)ij That was her testimony, correct? 

PI A: Yes. 

Pi Q: Did you agree with that statement? 

M A: No. 

(51 Q: What don't you agree with? 

PI A: It would be good to have this information, 

(7] and I think it's perfectly consistent with the 

Pi answers I had given earlier on ho w 1 related it in 

PI my testimony here. But it’s not an absolute 
(ioi requirement to have health data collected 
[i il simultaneously with pollution data to make a 
(it) reasonable judgment as to the safety of this 
Ii3j internal environment or any internal environment, 

(kj For instance, if there were a fire on board, we 
(is) don‘t need to stop and make a measurement and 
(is) correlate it with coughing of people to know that it 
(in isn't safe. 

[ii( So I would be more inclined to say that 

(in measurements that have been made under physical 

pci conditions that are typical or represent maybe the 

pij upper extremes of the flight experience, even in the 

(221 absence of direct health data, are valid and 

pal useful. But that doesn't mean we shouldn’t strive 

( 2*1 to get at the answer to the underlying question, 



Page 195 

(<] which is,at the current conditions experienced by 
PI passengers and flight crew, is their health and 
Pt comfort being adversely affected by environmental 
Hi conditions that could be modified? 
is) Q: Let’s go back to the committee’s 1986 
ID report for just a moment. Now, the committee did 
(7) recommend a ban on smoking in commercial aircraft 
PI for the reasons that we discussed earlier, correct? 
pi A; Yes. 

(io) Q: And that recommendation was made to the 
in] Department of Transportation, correct? 
mi A: Yes. 

|ij) Q: And it's also correct, isn’t it, the 

H*l Department of Transportation responded to the 
(is) committee's recommendations in a forma! document? 
liq A: I guess so; I don’t recall. 

Ii7i Q: You arc aware that the Department of 
liq Transportation rejected the committee’s 
liq recommendation to institute a smoking ban, aren’t 
po] you? 

pi] A: It wouldn’t surprise me. 

B 2 ) Q: Weil, you know a smoking ban didn’t occur, 
pq did it, in 1984? 

p*l A: No; it didn’t occur immediately following 
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10 the submission of our report, no. 
p. MR. FURR: Let’s nark this. 

PI (Document marked Spengler Exhibit 7 

Hi for identification) 

Ft THE WITNESS: This says 1986. 

HI MR. FURR: 1986, 1 apologize. 

pi Q: Doctor,you've been banded an exhibit 

Hl sthat's been marked as Spengler Deposition Exhibit 
pt?7.That if a Report to Congress entitled U-S. 

of Transportation" dated February 1987. 

(11) ifivlyou ever seen that document before, Doctor? 
imf" A: (Witness reviews document) No. 
lit): 4 vlffi;$5AG: Do you have a copy of that’ 

(ui&i,. MR. FtlRR: No. If he's never seen it 
|isj h^fcre^fve won’t ask any questions about it. 

[itif tofeBpAG: Can I keep it? • -%. _ ^ 

The court report|a|$P^keep 
nn; that one, but I’m sure she’ll peWut you to make a 
occupy «f it tr 

pq Q: D^Spengler, you are awafe that in j 
pi] response to the committee’s re$iSiii£&|lation$, one 
the DOT did was coihnjissio^fthe study that 
pn?jBatij*pftioned earlier by Geonjif^fst correct? 
p<f A: Yes. 

Page 19a 

[ij A: That’s correct. 

pi Q: But you have reviewed those components 

Pi after the fact; is that correct? 

Hi A: Yes. 

PI Q: You’re aware, then, aren't you, that Geomet 

hi found that the risks from exposure to cosmic 
m radiation were estimated to range from 45 to 1,026 
m premature deaths per 100,000 for cabin crew and 
pi passengers who fiy frequently, 
no) A: Say what number range again, 
tin Q: 45 to 1,026 per 100,000. 

(in A: 1.26? 

[i33 Q: 1,026. 

(i*i A: Per 100.000 or 105. 

(iq Q: Right, 

[i6| MR. HOAG: Do you have a copy of this 

li7) document that you're reading the numbers from so he 

[ic] can look at it too? 

(iH MR. FURR: Sure, I’ll be happy to. We’re 
po] not going to be marking this today, but I'll be 
pii happy to let him look at it. 
pin A: (Witness reviews document) 

PH Q: Yes, all right. 

ptj A: They split out passengers and crew 


’ 

s£< msmsi. 

; ; Pa 90 197 

|||' ym|act, in the ackno wledg^fgf^ijeomet’s 
pi sruifjgyou are listed as having contributed to the 
ra repdfeejid you know that? 

HI ^ reminded me that I d|||ljiistfte m, 

»>*«? \ L_ 

Hi Qyraw did you assist them?: \ 

pi A?T(djink there were some long tei^phonc 

HI copemtions discussing dcsigilWiiii&STudy. I may 

PI h»*e*{f^cwed draft dOcumcnt^xfhMfcSvere prepared, 
naij.^to^ecall, and commented they’re 

[tili^^ro^nd submission. ^ksIsss^ 

{121 fi¥>?0ien you reviewed draftiifS : Sti¥iShts. do you 
[133 regdiexp tossing any strong disagreement with 
(Ml Ge^aet'i findings? 

(ifl Jp'Taon’t recall. I guess -1 think, 

li«l th&gftj think what happened was that I reviewed it 

lin inprcB.And I don’t recall ever- although 1 

[in CQtiliSe wrong. I don’t recall reviewing their risk 

tin assessment components that were done after the fact. 

Pd othnousty ’ 

pi) Q; When you say you don’t recall reviewing 
(hi them, do you mean you don’t recall reviewing the 

PH risk assessment components prior to releasing the 
pa study? 

Pago 199 

in separately on ETS. 

P 5 Q: Doctor, do you have an opinion as to 
pj whether Geomet’s risk assessment for radiation 

HJ exposure to the cabin crew is a reasonable estimate? 

(si A: I can't comment on that at this point. 

HI Q: And is that because you haven't thoroughly 

Pi reviewed the Geomet report? 

PI A: Well, it's been some time, and I'd have to 

Hi go back and look at the levels that they have 

ins measured and how they did the exposure estimates and 

[iij what did they use fora potency factor. 

[in Q: Do you have an opinion on the overall 

PH quality of the study done by Geomet? 

[it] A: They’re competent researchers. 

[isi Q: Geomet found that the risk of developing 
[in cancer from radiation exposure for crew members was 
(it) many times the risk of developing cancer from ETS 
|i«! exposure for crew members; Is that correct? 

[ 1*1 MR. HOAG: I object to the form of the 

(201 question. He doesn’t have a chance to look at that 

pi] while you're looking at it, and just looking at a 

pj] portion of it before... 
ta] Q: Go ahead. Doctor. 

p<! A: You characterized it as being many times 


■ 
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Ml crcwfjSSi 
ID 20-% 

M Q: 

Hi accur^ 

is given as 
« attcnd|hi 
Pi cancer^ 
hi exposp* 
m A: I'm not an expert in jhij. area* 

jto) I'm eomg«» say. but there’s a big difAtrewce 
nil bcwiptwfc tissue density and cqsnd| taxations 
P9 2i|)pl%|p$ugh our body. So it hw! i «ilS^j likely 
hr chanccjofdamaging tissue or genetic structure 
MR throujjhtajle and other more massive tissue and less 
PS! for luitfjiiSue, where the ETS would be more 
MR target^! towards - if these effects, results hold 
I'D up,th£pw§uld be targeted toward lung cancer. 

MR So J88§isptnple, that’s why we called for 

I'D these u^^^tudies.You’ve got to be able to 
PR ctassiffnnen^nwr site. And pilots think that they 
pi! have excess brain cancer. It’s got to be 
PD documented.And that would make sense, that would 
PR be associated with increased radiation exposure. 
p«] But if there turns out to be in a nonsmoking flight 


stroking flight crew forip^ssotild be, sa 
teh say 20. So that’s a fawSfWsO. 
so if Ceomet’s risk assessmi^t*re 
Sector, wouldn’t that tng^BatJn any 
‘ Of cancer in a nonsmokuigBgSt 
Jpls 50 times more UkeP^tHatthat 
is caused by radiation exposure jdian ETS 


JUUU 1>. A AW. 
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Ml crew increased lung cancer, then it's more likely 
ID than not that that would be ETS. 

P) MR, HOAG: Does that include skin cancer 
hi too, radiation? 

fR THE WITNESS: It probably would, but it's 
ft not - that tissue is so thin... 

PI Q: Doctor, are you speculating now? 
t»; A: I'm answering his question, yes. 

I»i Q: Don't respond to his question, respond to 
licj my question. 

M i] A: I already caveaced my statement when you 

[isj asked me the question, and I'd say, "Well, let’s 
MR sort of think through the issues here," and that's 
[HI how I would think about it. 

MR Q: Doctor, arc you aware that the 
MR International Council on Radiation Protection has 
mtj determined that lung tissue is more susceptible to 
MR the induction of carcinogenesis from radiation than 
im bone is? 

pc] A: Why would that be? Well, that might be the 
p«j case, and I was only using bone versus lung tissue 
m as a comparative statement for density of tissue, 
las] Brain mass has a higher density than lung tissue. 
p<l And so for the same relevant whole body exposure to 
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Id be. say, 


Page 203 

Mi particularly alpha particles, you would get 
Pl subsequently more damage in more dense tissue. 

Pi Q: Doctor, I take it,lhen,you're not aware, 

HJ are you, that the International Council on Radiation 
IS] Protection has determined that lung, breast and 
in thyroid are the most sensitive human tissues to 
pi developing cancer from radiation exposure? 

Hi MR. HOAG; Object to the form of the 
m question. It sounds like a double negative; I'm not 
cio) sure. 

[it] MR. FURR: Well, I think the record will be 
MD clear that it wasn’t 

mr A: Well, if that’s the case. I wasn't aware of 
M*i it, but it could be radioisotopes.There could be 
MR lots of reasons that are different here.There are 
MR different ways in which radiation causes damage. 

MR Q: This is simply not a Held that you're 
M*t expert in; is that correct? 

|iq A: I said that at the beginning. 

poj Q: Let’s go back to the question that got us 

pij started down this road.Without respect to the type 

PD of tumor in an individual, isn’t it the case that if 

PR the Geomet estimates hold up that in any given case 

pr of cancer in a nonsmoking flight attendant it is 50 
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W times mote likely that that cancer was induced by 
pf radiation exposure that ETS exposure? 
pi MR. HOAG: Objection to the form of the 
p) question.That is most definitely not what he has 

P) said already. He said just the opposite about lung 

M.pncer, 

pif MR. FURR: I have no idea what you're 

m ^MfLHOAG: Well.l don’t care whether you 
iioi jfcnow what I'm talking about. I want to put this on 

|iz] |^H^P|rR: Why don't you make your 
(ijj Ejection and stop speaking and let him answer. 
p«l No, I want to mal^gny objection, 

Iiii|beaii%,you arc charting the whofei^jhario here. 
(t«^^^^^iswered totally differei^^Sihltvhat you 
it?] igtldvou know it.and all you’re doing is making up 
li«j ps- qistSiSs*! to try to confuse . ^ 

im O: Ca$4ou answer the oucstfoniljqctbr. 
m &£& Jfcijpefully 1 answered alonj^PiShits of 
pij answered the earlier on^And L^old you I 

m speculating, but I wouJd aqgtie It the 

pm 'following way,and I could just rep^Sti^yhat I said. 
tMl Q: Doaor, I'm not asking yoiroTSpeeulate; 

Page 206 

Pi given time presumably is a reflection of prior year 

Pi exposures, and this might be many years of 

Pi exposure.And we know that the exposures that 

M flight attendants experienced years ago in their 

Pi commercial service was throughout the plane and, 

Pi I'll speculate, probably was higher in its total 
m dose,because the population's smoking was higher 
m and there was no physical separation of smokers and 
pi nonsmokers. And that you know from the Wilson 
no] article that there are trends in radiation that 
(ill would indicate that radiation exposure has increased 
tm in time, as the new generation aircraft have been 
[tu) certified to fly at higher altitudes. So that prior 
(i*i exposures to radiation would have been lower, 
pt) So in answer to your question, I would say 
p«l that It would not be 50 to one; it would be less 

P7J than that. 

P«j Q: How much less? 

PS) A: I don't know. First of all, I wouldn't 

Poi even do the calculation. But I just give that long 
pil explanation Of how 1 would think through the problem 
lari and under the constraints of a hypothetical which 
t»j would be presented. Bui logically I don’t think I 
f»l could accept that it would be 50 to one. 

£ a g 


til l'nlswktt^ you the simple mathe^SB^kelihood, 

Bi basftdon.the Geomet estimates. 

« *fii? AQ:0b i ection ' li;L,4 

HI MBTFyRR: I m not finished speaking. ’ 

PI MR. H0AG: Well, he wasn’t fuEshed either, 

Pi ihat^^ objection. , J 

Pi S^SBSle you finished. DoctorpliillF 

Ht have a different answer fervour 

Pi qufsuonnow. pISplssl 

lit) ji' ^iDJi^y.wliy don’t you go aheadgnd Jmswer 
pi) th^^^^on now,then. pfillsllt 

(i 2 ] Ar^your question, I’m going to paraphrase 
pai is, that given any generic cancer that 

(i*i a nighgatttendant might have, regardless of what 

OB tissffc site, that one would mathematically calculate 
t>s> chasjttee probability Of that cancer being attributed 
(in to £o«|ki tadiatlon versus ETS would be 50 to one; 

|i*t thaffyffllr question? 

im my question, yes, sir. 

c»l A: And I would answer it the following way. I 

pi) would say - I'd say no for the following reasons: 

P3i that the risk assessment done on the basis of the 
pij Geomet study was done with these contemporary 

P*1 measurements; that the expression of a cancer at any 

Pago 207 

HI Q: Okay. Doctor, do you still have your Copy 
pi of the '86 committee report? 

PI A: Yes. 

Hi Q: Let's change our focus and begin talking 
in about ETS exposure. 

[«1 MR. DAVIDSON: Is this a good time for a 
m shore break? 
m MR. FURR: Sure. 

PI (Recess) 

[in] BY MR. FURR: 

tm Q: Doctor, as I said, I want to turn now to 

[iq talking about ETS exposure to crew aboard commercial 

[is] airliners. I ask you to turn first to the committee 

[ 1*1 report at Pages 145 through 146 beginning with the 

[i 5 i bottom of 145. 

(iq A: Yes. 

in] Q; Now, the committee attempted to compare ETS 
(i»i exposures of flight attendants aboard airliners to 
liv) the ETS exposures experienced in homes of smokers; 
pin is that correct? 
pil A: Yes. 

[ 22 J Q: Could you describe how the committee went 
csh about doing that. 

p*l A: Yes, I cao.As this describes in this 
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___ Page 208 

(i) paragraph and then continuing onto the next page, 
pi concentrations that loot like typical values for 
P) respirable particle loads in the sections of planes 
t*j where smoking was occurring was used as a reference 
N value. So then the total dose that a flight 
re attendant may actually inhale was calculated on the 
P) basis of 800 hours per year working and a breathing 
m raftf of lSuiters per minute, and that yielded an 
re E^S integrated exposure of 1.8 x 105 micrograms per 

pi| «.And then by reference to concentrations 
pr) d^t.y^ere reported in homes with smokers, a similar 
fiaj was done for a hypothetical nonsmoking 

[to person living for about 70 percent of the tool time 
[i*I inj^ptgigfwhere one to one anda half packs of 
[iti Ufcjiqpkfi jvere smoked per day. feftA a low er 
(17) bnatbtfiig'.itate to reflect resting coodSt&Ww.Atid 
lie this yielded a number of 1.1 x IfflFmicrograms per 

r<*i r- - 

Pd ' So on the basis of these comparative 
pit va jss , ^committee rccognizcpMfc; 
psi etfpd%iaces of ETS exposure to fheht ergw members, 
paj ptegHgfihose working in the iiii|tHltll|[% i linn of 
p<l tWt plane, Would be ct; 



fi) spooie"lmpg in a house with a smokr 
pi Q:<3jfc$y; : Lec's break this down sRuq 
0 ) First pfoa!lithe committee used RSP u 
M mari^tlto^ETS exposure; is that 
is; A:jpiat's correct, 
re been talking about tlSSliil 

Pi exposhwa^In fact, they actually cpmp 
W somc^dfigslightly different than pp 


re they?. 


by that I mean, typical! 


not I understan d It - correct me if 1'nPPpiff that 

[ill c^p^^l%pica!ly means the product of i 

[i2j concentration and time; is that ccjpiiP^I 

[ill A: TJg|£| COrrea. 

pit Q:|$terc)ve , re adding another factor for 

[is] breatftirigTate; is that corrca? 

t«i A: ^j?hat'$ correct. 

[in 0; &ri<ftc is it correct that we arc comparing 
lid quan^g^lhat could be described as potential 
MU inhai|^j^g|ures or something like that 7 How would 
poi you cfe$em$nhe actual comparison as conducted 
p*i here, Doctor? 

pj| A: Well, if you don't like the term that is 

pal used, which is "integrated exposure," and one might 

pi) say - you could say "inhaled dose,” "annual 


Page 210 

[■] dose"- 

Pi Q: Well, but it's really not a dose, is it, 

PI Doctor? Doesn't a dose connote you’re talking about 
hi the concentration delivered to a target organ? 
is] A; Well, there are attempts now in the 
re literature to try to be more specific about these 
[7] terms. In fact, that contribution in the literature 
l»] occurred post the writing of this document. And I 
pj think if we were to have written this with careful 
(io) consideration of those definitions, we might have 
in) distinguished between an exposure-, which is a 
[in concentration of some substance at the boundary, at 
[D| the interface to the body, that a dose is that 
[i4[ material chat passes that interface, and then the 
list delivered dose or biologically available dose is 
[it] something even further refined than that, 
lit) For example - and I do think it's relevant 
list here - not all these panicles stay in the lungs. 

(io) Some go in and come out again. So that wasn't the 
poj point here, to be so refined about it. it was to do 

pi) a first-level approximation to see if one could 

pj) interpret the kinds of concentrations that were 

ps] experienced in the smoking sections of airplanes and 
p<] find its equivalence, if any existed, to exposures 


Page 211 

I that were more familiar to us in other settings. 

Q: 1 think the only thing that's Important 
right now, now that we have your explanation, is 
that we find some language to use to describe what 
it is we're talking about, something other than 
"exposure," since it's exposure plus that we’re 
talking about with the breathing rate. Could we 
call it 'potential inhaled exposure”; would that be 
accurate? 

A: I would call it 'potential inhaled dose.” 

You don't even need 'potential." it's the inhaled 
dose, in other words, it passes the first boundary 
of the respiratory system, which is the nose. 

Q: Okay, we'U call this “inhaled dose." 

A: “Annual inhaled dose.” 

Q; So the committee attempted to determine the 
micrograms of RSP inhaled by a flight attendant over 
the course of the year and compare that to the RSP 
inhaled by a nonsmoker living at home with a smoker, 
correct? 

A: Correct 

Q: And to do that the committee essentially 
multiplied three factors: the first being an ETS 
RSP concentration, the second a breathing rate, and 
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PI distributions, the distribution being the estimated 
pi annual dose, inhaled dose, to ETS. 

Pi Q: Okay. And you said that there was 

H! information on those distributions available in the 
pj Geomet report that was not available when this 

Pi comparison was made; is that correct’ 

PI A: On one distributional parameter, 
ro Q; And what parameter was that’ 

M A: That was on ETS level - excuse me - 
(ml respirable particulate levels in smoking sections Of 
ini planes and nonsmoking sections of planes. 

(tj] O; That would clearly provide a better 

(i3l comparison than the comparison that was made at this 

ruj time, wouldn't it’ By "this time" - 

(is) A; A different one. I don't know if it would 

[i<? be better, but it would be different. 

li7) Q:'Well, the Geomet approach would be better 

ini for comparing the ETS exposure of the average flight 

(in attendant to -1 should say the RSP exposure of the 

pul average flight attendant to the average RSP exposure 

pii in a residence, wouldn't it? 

tra A: Well, they wouldn't speak to the residence 

p3) issue, 

p«i Q: Fair enough. 

f&M a' 

■SS> XKSSiWfl . 


!ssssw^.w«sJ ■ * Page 215 

Page 215 

in one component bcjj^eli^r thinking that 

pi ETS^ggglures to flight crew maffeclude the 

Pi possibility of discomfort effects, irrirat&m and 

Hi heahhjfgfccts.And it was done, fljj^tmph 1 that; 

15) it sa^L^ok, here you have sorqejeasomble 

Hi estifaaoy|p/ duration of time flymg, concentrations 

Pi expeiTcftced in the smoking section^and^vhai might 
m be tSii : Sfiathlng rates," and sayst^j$S« this give 
pi thcmtheainnual dosing rate for |SJ)|?&|^ould be 
[id equivalent to living in a home vvith k^triov.r.r for a 

Wi Q'feSpiilso said that this was 

P»i denrdfjh^probabllity-based estimate. 

l«l AgyegT 

im Q/W&ii did you mean by that? 

(i n A; Well, at the time we didn't have the 

(in disuSbtiMaaal data that was available after the 
ini Geornggaudy, Let me back up. If this were to be 

I'd reddp5, ; fpts',pne might cake central estimates for 
poo eacifWmew parameters and include a distribution, 

B <1 in other words, a standard deviation, to them,and 
pri do Monte Carlo simulations, which ate commonly 

PS available In commercial software packages now, to 
a*J look at the extent of overlap of these two 

Pi A: 1 would almost say yes to that, except that 
pi one doesn’t know that they're a representative 

PI sample of flights, really a representative sample of 

HI worker conditions - excuse me - work practice. 
pi That's a little convoluted. 

HI By that I mean, l would say that if I were 

(7) to do this over again, that taking that distribution 

Ed would be the starting point for the concentration 

PI data, and I would go to work practice information to 
ira get a distribution of flight attendants’ actual 
[i i| working conditions - excuse me - time, 
lia Q: And by that arc you referring to the same 
nil type of information on the time/activity pattern of 
[hj flight attendants? 
list A: Yes. 

|iq 0: Now, the way Geomet got at that was to 

Ira assume that a flight attendant spent an equal amount 
lid of time in the area adjacent to each row of seats in 
lisj the airliner cabin; is that correct? 
poi A: I don't recall. 

pi) Q: If in fact that's the way that Geomet went 
ira about that, would you consider that to be a 
pi) reasonable approach? 
twi A; No, 
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Hi Q: Why not? 

pj A: From my own observations, that’s not the 
pi case; they don’t. 

M Q: How does the flight attendants’ 

P) time/aCovicy pattern differ from that that I am 
tej representing that Geomet used? 

Pi A: My observation would be that they spend a 
(sj higher proportion of their total flight time in the 
m g^ey/service areas than they do around each seat, 
tier] |Q: Olcal. 

Oil 'Ai-Tpihk I know the point you're driving at, 

lit) and I know it’s late,and I'm not going to defend 

(is; dtot othg last decimal point; I mean, that’s not 

iu) t|i£)febif:The point is that this was an order of 

l«55 tfshgnicudjj estimate. Now, had It come out 

C«| djSMsrgJy, had it come out in tl|[$ simple 

iwi c|ls)||pfln that flight attendants hSj^&imes less 

|H» or^^Ptniies less than someone jg^lHinele reasonable 

ft«s a Mumptlon s in a home, then the'committee would have 

pci tiisS^f^lihoiit this differently, 

B 1 | Q: Hoifwould the committe dJia&r,thft t«ht about 
pai it .>/ It otdae out that flight attent^Mm three 
p3! tUn.es'jisj or four times less tha 


Ju<*» *-'• 
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I'l Q: And if one were to attempt to derive a 
Pi comparison similar to the one found in the NRC 
PJ report but designed to reflea the average flight 
M attendant’s average exposure in a year and compare 
Pi that to a residential RSP exposure, you would need 
m to find a way to weight the different concentrations 
P) of RSP in various sections of the aircraft with some 
Pi information related to the timc/activity pattern of 
pj flight attendants, wouldn't you? 
fiat A: Yes. 

in] Q: That wasn’t the intention of the comparison 
[i 2 l in the committee’s report? 
ini A: That’s correct. 

[i*j Q: Your intention was to make a rough cut at 
PS! determining whether, I think you said, the exposures 
[i«l would be within an order of magnitude of each other; 

[in is that correct? 

(tsj A: Yes. 

(iej Q: Doaor, if you’d look atTable 5.3 in the 
pej committee report. One of the studies cited in that 
pi) table is your own study; is that correct? 
r< 2 ) A: Yes. 

pa) Q: When we talked about your original research 
B«l on ETS exposure this morning, did we discuss this 



P) final? 

PI this i; 

HI don| 

P) certa: 

Pi wa5« 

that/ 

Pi QpftKfor, 1 think you do knopi^^t’m 

W gett^n^i^iere.What I’m gcctingiat is devalues 
im usedTbr t^iese various paramete|Siiip8i|bomnuttcc’s 
[ii] comparison were not intended ro represipnt the values 
[ill fora%py^tage flight attendant, 

[D! Atife^thev were not, 

|i*l Q£1 ec&ise they assume that the flight 

[is) a ttentJaiff spends all of his or her working time in 

im the $hoklpg section; is that correct? 

Ii?) APT^&fes corrcCT. 

|i»i Q^SS^your own research, and I believe 

W rint iifljEjala Jier research, shows that in 
poi airii^«'wi9iout recirculation that there are very 
pi) different concentrations of RSP in the smoking 
fa) section, the border section, and the distant 
cm nonsmoking section; is that correct? 
p<l A: That’s correa. 


bfj’t think it would hav 
g£ng which was used, 
wng, which was potential effects; I 
jjpc it would have changgs^inai It 
/would not change the j^KraS'eotbgy to say it 
s», because there wouldtftTHO-lpgic to 


the 

went oyer 
1 effects; I 
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[ij study? 

pi A: These observations, yes. 

pi Q: Is this the set of -1 believe you 

M described them as "anecdotal” observations you had 

Pi made and not retained the data for? 

m A: That’s correct.By "anecdotal," there was 

Pi no attempt to have these represent a distribution 

Pi that might be experienced on all 747s, for example. 

M Q: You just took measurements when you were on 
(id) an airplane; is that correct? 

[ii) A: That’s correa. 

Ii 2 i Q: There was no Intention that those 

(i3j measurements would represent anything other than the 

n«l concentrations on the aitplanes that you flew on? 

(is) A: Well, I did this enough times - well, no, 

!«j I disagree with that as a conclusion.These were so 
(in predictable, and the experience was repeated so many 
(t«) times, not only on what is summarized here, but 1 
[is) think what actually is the experience of other 
PO people that have made these measurements, that they 
fzij do stand for and do represent the range of values 
( 22 ) and the differences that are experienced in various 
pj) sections of these aircraft, two types of aircraft, 
that permitted smoking. 
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li) Q: But these were measurements of R5P and not 
pt RTS RSP; that’s correct, isn't it? 
pi A: This gets to be a terrible semantics 
Kl problem In terms of the definition of instrument 

K performance.Bui just leave h at that, yes, they 

is) are RSP values, 

P) Q: Let's take a look at Table 5.3 and the 
m information contained in that study from your 

pi posonalpjmm’anication.These data were not 

im Wbfahffj i in the peer-reviewed literature, were 

pt) | 

tm I 
M I 
(tsi IS 
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No, they were not, 

look at the first entry for 747s, for 
of'KSP.You indicate that the range was 10 

■0 migs per cubic meter in the nonsmoking 



that correct? 

do you recall what the 
:e been? 

e duration of the J 
iave that value. 
r , earlier this morning < 

average RSP on nonsr) 

;e very similar to this? i 


hmeuc mean 


Jn't you tell 

lights is in 
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fij crew members, and cabin ere w members whose duties do 
m not take them into the smoking sections arc 
PI relatively unexposed"; is that correct? 

M A: That's correct. 

H Q: And they were talking about relatively 
K unexposed to ETS; is that correct? 

[7j A: That's correct. 

m Q: Okay. Now let's turn to Page 45 of the 
Pi committee's report,and the right-hand column, the 
uq new-to-lh e-last para graph.The committee found 
tii! that "hi 1985, about 30 percent of the seat-hours 
ft 2 ] flown by UJS. airlines were on aircraft with 
[is) recirculation systems; is that correa? 

[Hj A: I thought-oh, here it is. 145? 

[is) Q: No,Page 45.Page 45,right-hand column, 

tisj the next-to-the-last paragraph. 

itn A; "In 1985, about 30 percent of the 

(i«l seat-hours flown by U.S, airlines were on aircraft 

[is! with recirculation systems." 

pq Q: Now, a nother way of saying that is, in 

[ 2 i] 1985, about 70 percent of the seat-hours flown by 

pq U.5. airlines were on aircraft without recirculation 

!»l systems; is that correct? 

pij A: Yes. 





hts, 

[that there 


SP On 
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t is.Actually - yes, it is^. 

’.So at least on nonsi 
ecirculation, wouldn't you 
|ttie difference in the R^iSS'ricentratioris 
am nonsmoking sectioesTcga'rfiless of 
noking was permitted 
: you said something like the 
; flights - is that wha^^RS 
( didn’t mean to, if that's what 1 
I say it. I meant to just 
dilation of air. 
ht.The reason 1 

fervation that on flights without 
an of air and nonsmoking, that the RSP 
an the lower side of this range; for 
[id instance. 1,5 plus or minus 10 mlcrograras per cubic 
(it) mctefeBSitiro be complete here, on the nonsmoking 
in) flightj^i|rcnUy, where there Is recirculation, the 
[i«i kve$ arelliitiidy higher than that, 
pq look at the top of Page 141 of 

PU the committee’s report.The committee stated - 
pq right-hand column, top of the page - the committee 
pj] stated that "In aircraft without air recirculation, 
p«] passengers well into the nonsmoking sections,flighi 
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m Q: Let's combine the last two issues. Would 
Pi it then be correa to say that in 1985, in about 70 
m percent of the seat-hours flown by U.S. airlines, 

HI the crew members working in the nonsmoking sections 
Id whose duties did not take them into the smoking 
Id sections would have been relatively unexposed to 
(71 ETS? 

(q A: Well, no.Yes - leave it at that, with 
pt) all those assumptions. 

(iq MR. HOAG: Let me just make an objection, 

tii) MR. FURR: It’s a little late. 

[iq MR. HOAG: Well, it's more like an 

|fij| instruction to the witness. If your answer requires 
imj more to the answer, don't worry about how late it 
:tiq is. If you require more to answer the question 
[i*l fully, the lateness Is not a problem.We want you 
[i/| to answer the question as completely as it needs to 
ii«i be answered. 

(itl A: Then 1 will amend my last answer. 
i( 20 ) Q: Go ahead. 

|Ri] A: In reality, there was mote transient mixing 
( 22 ; of exposures in planes, because in two-class planes, 
pq and even three-class planes, first, business and 
pi] economy, before the smoking ban there were multiple 
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[i] loncs that permitted smoking. So it would be 

PI difficult for me to see - how to understand how a 
re flight attendant would not get exposed to some ETS 

Hi during the course of her onboard duties. Now, if 
re they were assigned exclusively to first class and 
re they worked in the front forward galley, then, yes, 

Pi they would be relatively less exposed compared to 

ID flight attendants working in the aft galley in the 
re Miiakt'r.g section, 

ire Oj,: Docto^the question wasn't whether on 
t«i) flieBteariiffitt recirculation the flight attendants 
|izi hadjuo exposure.but the thought that we put 
(ini tog|dM&wj!h the committee's repon was that they 
tu| we^^w^ly unexposed, a relative concept, 
tip correct? 

(it) say - you can't say "relatively 

Itt) C^^B^vhat the committee sa|^$P^®l 
mi Ac Welt, the committee should hi&c said 
pot "rel#Mpl& exposed." Did they riStly sal 

pi] "unexposecEf 1 = /l..j 

( 2 zi l4l, “relatively uS^r^^l." 

pas AfTeTHoij. Poor choice of words«^, 
pq OpM^ike being re latively 

Pag* 226' 

III without a smoker for the purposes of attributing a 

PI RSP contribution to ETS; is that correct? 

PI A: That’s correct. 

Hi Q; So you would think that's a reasonable 

M approach to use to attempt to make the same type of 
(«1 comparison in an airiiner. wouldn't you? 

(?) A; Yes, it's reasonable. I'm waiting for the 
re "ergo." 

re Q; Well, I think we've got it already.You 
ire understand that that's the approach that Gcomet 
(ill used .don't you? 

ire A; Like I said, it's been a long time since 1 
(is) read that document thoroughly. Are you talking 
in] about that’s the approach they use in the risk 
ire assessment? 

[iq Q: In the exposure assessment. 

[in A; I thought they showed the distribution of 
ire RSP without subtracting a RSP component on a 
[is] nonsmoking flight or in a nonsmoking section; they 
pq just reported the data as it was, if I can recall 
pi) properly. Now, the risk assessment, rightfully so, 
pq should have done a differential subtraction, I 
{=1 guess. 

ri| Q: Okay. Now, there are a variety of ways to 
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pj Did you have more to ^to*(}|wer 

tq to cxpl^i? % 

(si THE VNSlftiSS: No, 

[q MR. FtJRR|I think we understa 

Pi Q; V^g^lked briefly about the fact thatsOn 

re nonsmo^js^flights there is still a rabgc.oi’iTSr 
re values matj^n be measured; is thatjbonect,, 

ire DoctorP*® 1 ' llssipsll: 

t"! fF] 

(it! 0; A;. •. k> fci order to determine fffffffflft 
ire comribuajfffto RSP in an airliner cabin, one has to 
!iq find so^TOy to subtract or son out the RSP from 
(re other s&qg&sf; is that correct? 
ire A: Tort's correct. 

ire Q: Ngretsome studies have attempted to do that 
(ip by comparing RSP in airliner cabins for smoking 

Ire flights tp : 'fidf$mpking flights; isn't that correct? 
poi A: Y#«ii| 

pil Q: In fact, that approach is similar to some 
pjj of the work that you have done in which you have 

O) attempted to compare the RSP concentrations in homes 
pi] with a smoker to the RSP concentrations in a home 

Page 227 

tq measure RSP, aren't there, Doctor? 

PI A: Yes. 

Pj Q: One method is to measure the mass or weight 
[i) of RSP collected on a filter; is that correct’ 
iq A; Divided by the volume of flow, yes, 
re Q: And that’s a method that you have used in 

Pi some of your studies, isn't it? 
w A: Yes. 

re Q; I take it it’s a reasonable approach to 
ire take? 

[iij A: It's the best one we could think of at the 
ire time. 

ire Q: Now, other methods include relating RSP 
l«i) concentrations to the scattering of light; is that 
[iq correct? 

|tq A: That's correct. 

ire Q: That's also a method that you've used in 
|iq some of your research, isn't it? 

[iq A: Yes. 

pj] Q: Again, that's a reasonable approach to 

pn take, isn’t it? 

pal A; Yes, under some circumstances. I'd have to 
pal put caveats on that. 

iw) Q: Would it be a reasonable approach to take 




Doris O. Wong Associates (617) 426-2432 Min-tJ-Script® ( 59 ) Page 224 - Page 227 


1 

COPY | 


cn 

ro 

4 > 

to 

co 

o 

co 

05 


ht!tp://legacy.library.ucsf.edEcitii(il(6dqBffp@0/'|»®liw.industrydocuments.ucsf.edu/docs/qjgl0001 






«, Pags 228 

[i) for measuring RSP in airiiner cabins? 

K ■ A: I would think so, yes. 

PI Q: Let me ask you to describe - we’ve gotten 
M at this indirectly a couple of times. As you sit 
P) here, what do you recall about the Geomet ETS 
K exposure assessment? 
pj A; 1 recall that I believe they used both 
t»j methods, they use a gravimetric method, which was 
P) the filter njitUiod that you referred to, and they 
|ioi use&li§ij&ical light scattering method. 
hi JJh And do you recall that they used each of 
tm th^^mqthbds in three sections of the airliner, 
tm thlre'OTfflgthe smoking, nonsmoking and boundary 
iu] sections? < 

psj p&fc# recall that detail. •*. 

(in 6: Y&i l) don't recall,You don't reca ftawhet her 
iiri th| p Sli lfifei cd measurements o&jgprotollijg flights 
jii] ant).>uhtrajried those values from the values found 
nil toj S 8 ^m^ pights in order to estif^g^t^flSP 
po> coniributiohfrom ETS on smolting^ltej^y 
pi] fta&kng# they did RonsmoldngfBP&flu 
pai JuS getting this image of some of 
PH cal$lt^§Mf|don't recall that they 
vi] the subtraction - they may have - 
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[ij A: Yes. 

PI Q: And what’s your impression of how many 
Pt hours a flight attendant works? 

HI A: My impression is that they are limited to 
r 80 hours or less per month. And many people don't 
ki work up to the maximum. 

Pi Q: And so this 800 hours per year might be a 
Pl reasonable estimate of how many total hours per year 
Pl a flight attendant works; is that correct? 
fior A; Yes. 

in) Qi That would be somewhere between 65 and 70 
[izi hours per month, wouldn’t it? 

Its] A: That's what 1 think was the intention of 
iu) this number, 

lig Q: Assuming that a flight attendant works 800 
(inj hours a year, even one that works in a smoking 
(i7] section of that aircraft all that time, that flight 
[i«j attendant would not actually have been exposed to 
(is) ETS for 800 hours per year, would he or she? 
po) A; It depends on how they clock the time, but 
pij I believe take away some hours for flight 
.pat preparation and takeoff before the smoking light 
Iph came on. and on the other end of descent and 
](N) landing, it would be probably somewhat less than 



( 2 ] Q: D&Stt that’s what ihey did, y'dcrwpuJd 
m consi<$«8th% a reasonable approacjt^gspiSh't you? 
M A: Arcfiwtsftd they paid proper attpStotta^d did 
ra the riggrr soq of adjustment for coniripj&jm;' 


m factor&$t|§l$*s ventilation system or load factors. 

Pi But to romciple, it’s reasonable. Vgrgr 
Pi Q: Eftpcracinthe wrairdnee's repotTtmry 
P! as5umfd*feit a flight attendant woi^# : f^iouK per 
l'«) yea|.^.a.s ; rooi:Lng section; is that edr&cf?' *1 
ini ^*^if^posed to these levels; tatetoJiA ow 
!> 2 ) If It «a$H8g£ifically In a smoking 
tut Q: to 145. 

I«] Q: l£pfSj"We assumed a flight attendant 
(i«i worke d! SOfih oura a year in the smoking section"? 

1»1 Q: AridSiN; talked about what the smoking 
tin sectiof|. caia^gnent of that and what the comparison 
pq was or^&aS fiot intended to accomplish? 
tt'l A: Yes. 

p 2 ] Q; Let's focus on the actual number of hours 
ph that a flight attendant works. Do you have any 
P»] information with respect to what those hours are? 


(i) this that they would be exposed, 
pi Q; But for those periods you just described, a 
Pi flight attendant either would not have been exposed 
Pi or the exposure would have been lesser, correct? 

(5) A- Well, it would have been more. No, I think 
TO it wouldn't be those two points, it would be 
pj primarily the point that - it could be both, let's 
p] put it that way.Their smoking may not be permitted 
PI and may not have occurred for that full 8CK) hours, 

[icj plus they may have been out of that smoking section 
mi for short periods of time, plus the levels vary. 

(it! Sometimes they’re higher than this number sometimes 
(is) they're lower than this number. 

;u[ Q; Okay. With respect to the breathing rates 

Its) used In the committee's comparison, do you believe 
[iq that those are reasonable breathing rates to use for 
[i7] flight attendants? 

(i») A: I think they’re reasonable. 

(m Q: Isn't that a breathing rate that correlates 
PH to light woik? 

pit A: 3 think that was the intention of choosing 
P2j that value. 

PH Q: In fact,flight attendants spend some 
P«t percentage of their time sitting down, don’t they? 
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li) A: Yes. 

Pi Q: So for that period of time they spend 
Pi sitting down, the breathing me would actually be 
Pi lower? 

H A: Yes, it should be. 
m Q: In the committee’s comparison, the 
P] committee assumed that a nonsmoker would spend 
m approximately 70 percem of their time in their 
m hqine; is tf^tt correct? 

(tot Yes.J 

|ii] uililn) umber of your studies, you've 

(in suggested that that’s a reasonable number, haven’t 

lit] ( ||^«^hough I'll say, in honesty, if I 
im were to d&this over again or have this done over 


gsro^HsShyone.it would probably' 
)i:^*jy^.£urrently available nation 
rmWmroy data. But that wasn'tp 

know what that data s 
A: It sh$|vs something in exces^ 
(ptihtijKtiff, 1 would pick 60 pertu 

pfwrtmR: Would you mark ihi 


).e mom realistic 


SfOO&ithent marked Spongier 1 
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B forit%^|ation) 

P) Q: D&Spengler, you’ve just been hatred an 
Hi exhitt^ ^g ted Spcnglcr Dcpositig^iaffibit No.8; is 

H A; Sfes. J; 

p] Q: DfiiyNJii re cognize that exhibit? j 
PI Ai QMMf itT reviews <tecumcnt >3te^# 
n Q: Whfltis that? It’s a very flattering . 
col picture'b% in general, what is tha|?;S?|Ssi;| 
in) AisfelOOte like someone got onto the web site 
na forth lKaris rd School of Public on that 

I'a web si'^l^ey have little clips of {merest 
(U) descr®ffig%culty. 
ns) Q: create this document? 

I'ti A: tto. I might have done pieces or maybe my 
(in secreBg^gjpped it from various things. 

I'l Q: mihe first sentence of the second 
IH paragtstpfnlsays, "Our studies as well as others 
pcs rcvca^gsaetl^g^pend 65 percent of our time in our 
pii residences'; is that correct? 
pa] A: Yes. 

Pa Q; Would you agree that that’s the estimate 
iwj that you would use if you were to do this again 
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in today? 

pi A; Like I said, I would, depending on the 
PI purpose, one would probably be advised of the 
ft) distribution from some citable national reference, 
tsj So if I were to do point estimates, I would pick 
m 65. If I were to do a full, more careful 
pi representation of the full distribution that might 
PI be experienced in homes and in airplanes, I'd 
Pi approach it differently. 

Itoi Ct: Doctor, you have done - wc went through 
pm them this morning - you have done a large number of 
lit) studies in which you have, among other things, 

(is) collected data that allowed you to compare the RSP 
(i4| levels in the homes of smokers and nonsmokers; is 
(is) that correct 5 

(«j A; Yes, among other things, yes. 

ii7) Q; Those studies show that the difference in 

(is] RSP between the homes of smokers and nonsmokers is 

ri#l between 20 and 40 micrograms per cubic meter, don't 

poj they? 

pi] A: As a generality, that’s a fair range to 

(al characterize a broad difference between households. 

P3] Q: So the center point of that range being 30 
[24] micrograms per cubic meter, correct? 
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(ij A: Correa. 

K Q; So you would think that that was a 
PI reasonable point estimate to use to characterize the 
PI difference between the homes of nons mo leers and 
Pi smokers with respect to RSP levels; is that correct? 
pi A: Yes, yes. 

in Q: Dr. Spenglcr, if you were to today attempt 
in to determine what were the average ETS RSP levels 
|sj that flight attendants were exposed to when smoking 
(ioj was permitted on U.S. airliners, how would you go 
|ii] about it? 

112 ) A: We’re talking about retrospectively - 
(i3j O: Yes. 

ii4) A: -what they were exposed to. 1 think one 
(t5) would have to try to make some differential between 
iwi segregated smoking sections and noivscgregated 
[it) smoking sections. 

(ii] Q: Let me interrupt you there. You’re saying 
ini you would have to potentially develop different 
pq estimations for different periods of time? 
pi! A; Yes. 

pa] Q: Okay. 

pa] A: Again, it depends on what puipose you're 
p<j trying to do this. If I answered this question and 
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iu I ended up doing this, I might deviate from this 
Pi method, you're asking me now, and this is wbat 
Pi sounds reasonable to me now. But I probably would 
Hj approach It in two ways. I would look at the 
is available data, of which the Geomet is pan, and a 
m substantial part of that data, and use that as some 
n of the distributional data for different sections of 
Pi the plane, and I would attempt to refine the actual 
pi Whe/acfryity patterns of flight attendants. And if 
tto) k>ne wanted to calculate the annual inhaled dose 
[til JSjfJjBates.then one would probably put some 
im distributional data to the breathing, ventilation 
in-: ia^MLjgcflea sedentary times and more active 

lis) & Q: Okay. Other than the comparison reflected 
ns) btjhe^mmittee's report, havesypu made any effort 
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(it) to cb&pjtrc the RSP exposures of f 
|iq jwWm l wtU t airlines to resident^! 

poj ^Ih^^engler, would you IdiSk 
PK the committee's report, please.fry 
122) ^^suprw&te last paragraph, the fire 
tat stated that "The sdegjg 

fz 4 ) fewSPiSfthc collection of reprod'ui 


(Attendants on 
exposures? 

a : |e 21 of 
igjht-hand 
lrcnce,the 
0 cess 
‘facts, and 


in mmmt 

PI bri^rf* 
PS lackllrr 

hi seejpikti 
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Pi QgDc 
PJ A^iM 

m 
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HU 
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PC At-'No 

PC AuMS 
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jfou agree with that statement? 
'basic principle of scientific pr 


Spengle r. Appendix A fothe con 
intains a model for estia«tipi£fi 3 
feurcs; is that correct? I | 


pc Q: j 88 w . you would agree that high quality 
imj mesfSifrdr^ent studies are preferable to modeling, 

PC wouldii&you? 

PC Asot in all circumstances, no. 
lit) QPiHqjf not? 

PC A:.;5i5feU, 1 think there's a financial situation. 

PC thatl|K t|h£ considered, and also modeling maybe 
[ 2 q the im^wfy to predict some future condition.and 
pij so there’s no alternative. But as a general 
PC statement, with ah those factors being equal, it 
sm would be preferable to have empirical data than just 
PU modeling results. 
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p) Q: Okay, Do you still have the exhibit that 
0 is Stanley Rosenblatt's letter that serves as your 
pi disclosure statement? 

HI A: Yes. 

is) Q: Hint to the second page.The last sentence 
tc says that your testimony will be based upon your 
Pi review of tobacco documents, research and testimony; 

Pl is that correo? 
rc A: Yes. 

mo) Q: What tobacco documents will your testimony 
pi) be based upon? 

pc A: Other than the ones that were sent to me, l 
)i 3 ) can’t think of any. And quite frankly, even the 
PC ones that were sent to me, I don’t see how they're 
PC relevant to my testimony. 

PC Q: Okay. 

Ii 7 ) A: I guess if you include it under the 
pc umbrella of "tobacco documents," the published 
psj papers that were of results that were conducted by 
pq scientific staff for the tobacco companies or funded 
pij by the tobacco companies, but that I would include 
pi) under research. 

pc Q: Well, that was going to be my next 
PU question. So is your answer the same with respect 
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' in to tobacco industry research? 

Pl Ar I don't know the full extent of that; 1 

PI only know what has been reported in the literature. 

PI Q: Well, as you sit here today, wbat tobacco 

is) industry research are you relying upon as a basis 
(«] for your opinions? 

Pi A: I'd say no. 

Pl Q: As you sit here today, what tobacco 
Pi industry testimony are you relying upon as a basis 
pej for your opinions? 

PU A: 1 don’t understand the question. 

p 2 ) Q: Well, your disclosure statement says that 

pj) your testimony will be based upon tobacco testimony, 

PU your review of tobacco documents, research and 
[«] testimony. My question is, what tobacco testimony 
[iq have you reviewed that you’re relying upon? 

P 7 ) A: I reviewed none. 

(it) Q: Okay. 

[iq MR. FURR: Let's take a break.! think I’m 
po) finished. 

PU (Recess) 

(221 CROSS EXAMINATION 

[23] BY MR. DAVIDSON: 

PU Q: Dr. Spcngler, let me ask you first, you 
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[i] made an appearance before the AS HRAE Aviation 
tn Subcommittee in January in Philadelphia, 1 believe 
ra it was, and gave a presentation which was entitled, 

Hi as the minutes read, "Environmental Exposures During 
h Travel": is that correct? 

M A: Vcs. 

P) Q: Is that the Boeing study that we’ve talked 
HI about? 
n A: Yes, it is. 

I«l W And Mr. Furr asked you, In regard to your 
l»il di|dosure*f your testimony, he went through the 
|i 2 ) fadi^g^u're going to reiy.as you stated, on 
|ijj yqur review of tobacco documents, research and 
|M) tcipMi^Do I take it this includes your own 


J^that include the Boei4g,§iudy? 

^t think so, no. ! ^|ggg| 
hi sit here today, you'r^pHing iis 
tat you will be expiiciqypu're^ 
day, and you’ll be expi^it^oq 
pi, that you’re not in 

A at all on the Boeing stork to support 
&ns? 
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(tj says you're going to do dosage woric - that’s all 
Pi I’m trying to establish - correct? 

PJ A: There’s nothing in there -1 don't want to 
(4] foreclose the option of doing that. I mean, we just 

IS] spent a long time here talking about how one might 
tq approach this, and if that gives me an indication 
PI that that's the line of inquiry that you’ll pursue, 

PI then I’d be siUy not to try to do something to be 
Pi more responsive to that question, 
noj Q: Doctor, let me just be very direct about 
[in how the game is played, 

(i2j A: All right. 

(i3) Q: When we finish today, it's our position 

(it) that whatever you have testified here to today and 

(is) given opinions about, you're more than entitled to 

(iq do the same thing in front of a jury. We intend, as 

[in we've done with Paul Halfpenny, who, I’m sure you . 

tic, recall, established a record, that if you do 

lit) anything subsequent to develop additional opinions 

poi beyond the scope of this and beyond the scope of 

raij what you testified to today, fine, but wc get to 

( 22 ) come back and ask you about it in advance of trial. 

t»! So that we don’t show up at trial and you say, 

(24) "Well, now since we saw you, Mr. Davidson and Mr. 
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(»j flight s mi^dani5 may have receN|d^.s*ebndhand 
M lobatxcNSljkc, correct? pSsssr 
(i<t A: NbhUihleis it’s asked of me, in 

(i 21 d ffni||n y, which convcrsatlq 
Mb A: T&irprevious set of questiotEsT*' B ? 

(i4) Q: WeSjyou haven’t done it, have you? You 
|is) haveifej^jjjc any woric to determine do»ge at ti 
(i«i polnqaave you? 

Mb A: £j|hs®than what we talked about on the 

M«i Q: 
p°i A: 

( 2 i| Q: But that's not really dosage, is it? 
pzi A: Correa, you’re correct. 
fz>: Q: Right. So you haven't done any dosage 
[24] woric, and there's nothing in this disclosure that 


nee in regard 


Ml correct. ■ ” 

(2| &p#$alk about your opinio |pfe|ad^ t. 

P) You a'i$ig$tng to testify regardingrtlreasurement of 
Mi tobacco smoke, and Mr. Furr has as^|S|feli 
(sj comprehensively about your owiiiitpcricmce in rega 
M to mc*suranent of tobacco smot flc.You d on’t intend, 
(b howey^|i) testify or offer opinions as totiosage 
lij flightanq^dams may have rccetvfcd.af.scekndhand 
M toba<^^>kc, correct? pS®?i;r 
ioi A: NOttthless it’s asked of me, in 

i 2 ) which conversatiq^slpjii 

m A: TW^ rev iom set of question.''* 1 " = 
i4) Q: WeSjyou haven’t done it„have you? You 
•sj havcrt^ji^ac any woric to determine do»ge at this 
m poinh&ave you? 

ib A: Other than what we talked about on the 
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(i) Furr, I’ve gone out and I’ve done a lot of dosage 
Pi research and here are my dosage conclusions." You 
Pi understand where I’m coming from? 
mi A: Yes. I do, yes. 

iq Q: That’s the point of my question. And as 
iq you sit here today, you've done no dosage work? 
pj A: That’s correct. 

t*l MR. HOAG: Obviously the issue of whether 
pi or not you get a second chance at him if he does 
[iq dosage woric is not something that he'll decide. 

(ii| MR. DAVIDSON: Of course not.That's what 

Mb judges arc for. 

M>) Q: And in the same vein as the discussion we 
Me) just had about doszgc, the only exposure work you’ve 
MS) done is the work reflected in the airliner report - 
(iq I’m talking about ETS exposure work - correct? 

Mb A: No. 

M>i Q: What other exposure work as opposed to 
Mq measurement woric? 

pq A: I don’t draw that distinction. How do you 
pil define differently exposures versus measurements? 

P 2 ) Q: Let me put it this way: Is there anywhere 
(23) other than the aitiiner report that your views on 
P4] measurement/exposure,as you characterize it, can be 
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pi found, to ETS of course? 
pt A: Well, let me just answer directly what I 
pi have done - 
pi Q: Sure. 

B A:-so that you know. 1 would say over the 
pi last year since l received a new instrument, that's 
PI a lightweight, portable particle analyaer, I've 
Pi to.cany this on several flights. And for my 

Pi own Interest and curiosity, I would do transits on 
(iD) those flights by walking around all the sections and 
n«l ma stating in cemia areas, and I've done this on 

pq Bights to .Europe and flights to Asia. So how cani 

“s part of my overall experience,and 

vant as any of the other measurements. 

re is that data? 

data is in - it's downloaded off of 

lent; it sits in an electro^ 

we have that’ 

ie get the traces, and I^ say I 
there’s any problem ivithjthat;: 
ither measurements o^.expqinar’r. 
tions;airliner, the personal'wort: you’ve 
«d,anything else? 
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1U 

m let 

PI pro’ 

Hi els. 

(si this 
M lecn 
n bou 
m Ap 
w 

im A? 

l‘*3 

pal rcc. 
t’»l A: 
I'd 
P«l oth. 

('S3 
!”) 

(lfi CU: 

!»l Ai 


e we’re in the "anythin 
ck to material that ] 
rtby Mr. Rosenblatt or Mr. Ho 
is office or any of thc^j 
tWe’ve agreed that you’f 
which sends along the 42 < 

I recall, correct? 

Ct. 

e received a book, correct? 
ect. 

I't remember the title .Tfou'y 
copy of Dr. Bums’c 
:et 

e received no other copies 0 / any 
sitions, correct? 

AfifThat's correct. 

you received a copy of the amended 
complaint’ 

know if it's amended or not. 
the actual complaint, the 
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I'l A: It is possible.Therc was a lot of repeat 
PI language in it, 2 nd I probably skipped through it, 

P) so it's'possible. I do recall reading that. 

Hi Q: I just want to make very sure. Is there 
Pi anything else? 

PI A: Not that I can recall, no. 
m Q: And I’m not sure this question was asked. 

PI Have you assembled a working file for yourself to 
Pi include documents other than the documents we’ve 
[toi just discussed? 

mi A: Not yet. I pulled off my shelf the FAA' 

ns] Geomet report and read it. 

ini O; And you've got your airliner report. 

|u] A: And I've got my airliner report. But I 
iis) made no Other attempt to pul) together anything 
|i«l else. 

lit) Q; Do you intend to do so? 

[ 1*1 A: 1 think prior to my testimony I should 

iisi reacquaint myself with a lot of our published work, 

pn yes. 

pi] Q: How may we learn what you decide is 
m significant? 

pj| A: I could tell you that I would want to make 
p*l sure that I was conversant, if I’m going to be 



[M| 

pi) lawsuit. 

PA A: Five pages or six pages? 

raj Q: Well, no, actually, from memory, it’s about 

Rt) 20 pages. 


Page 247 

lil examined on the basis of my comparisons or opinion, 

Pl that I property relate the set of measurements and 
w papers that we wrote. 

Hi MR. HOAG: Welt, to the extent that it’s 
pi work that he’s published, you know what he’s 
is published; he's provided it to you. 
n MR. DAVIDSON: That’s not the question. I 
m think the Doctor understands exactly what my 
n question is, which if he decides he needs to 
[101 assemble additional material to assist him in 
lit] testifying, he’s making a subjective determination 
(■a as to what’s valuable or what isn't, 
ns) Q: And It may or may not Include all your 
(u) publications, correct? 

[it) A: That’s correct. 

(is) G: And it may certainly include publications 
Inn and data in other studies that people have done; is 
[i«l that correct’ 
dig A: Yes,that’s correct, 

(mi MR. HOAG: To the extent that it includes 
pi] any of his publications, you've already had a chance 
[zz] to ask him any questions you wanted about any of his 
pa] publications. 

p*i Q: What is your current relationship with 
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[U Boeing, Doctor? 

pi A: We have a contract with Boeing, wbicb has 

PI been extended for the completion of this report. 

14 0: Would 1 fairly characterize it as a 

(S) retainer son of relationship? 

R A: No. 

m Q: So it's directed to the functions that you 
in have already performed and whatever additional 

Pi fuhpons.Boeing might see fit to ask you to do to 
inn complete this study you're working on? 
im WwelkSet's see.We proposed some 
[iTl ad^eSaf woric; they proposed - postponed decision 
[in onrthat until our report is finalized. In addition 
|u) are starting up a new effort to 

[isj determine environmental factors affecting comfort 
[in andJhealt|gon airplanes. And they've had one 
tm m(j*8i^Pbr several meetings of their Internal 
(i4 cammktee, and they asked me to at^SiS.One.and 
[i«l uiraer thole circumstances they pfit me k consulting 

IKK fefcffltha^then contributed back to the 
pi) iufrversity|& I’m not under retainer,i«it £ 
m im^ve,jPteyadc me again, I tt&daag|vith them 
tzj) unddrtlfose conditions. ; j 

pi) l^^jggjientioned that you ha^^^^of the 

Pago 2S0 

|i] Q: And who else, whatever other individual 

Pi flight attendants can you recall speaking with? 

Pi A: There were some flight attendants that I 

W had met on other occasions that were also present at 

1 $) this ASKKAE meeting in Philadelphia. 

it] Q; Is that the oniyASHRAETC 9.3 subcommittee 

P) meeting that you’ve gone to, as best you can recall? 

U) A: Other ones were attended by my staff 
« assistant that I didn't attend. I believe that's 
noj the case. 

Hi) Q; Okay.What about flight attendant union 
[iTl representatives; who do you recall speaking with? 

(iq AtRayFcnski. 

[uj Q: Fenster? 

(isi A: Fenster, sorry. 

[iq Q: What did Fenster tell you in regard to the 
[in position of the AFA concerning cabin air quality and 
tit) cabin atmosphere? 

[isi A: He related the design and extent and some 
pet of the initizl observations from a survey that 
pi| they’re currently implementing. I guess it's not 
(Z 2 j necessarily a survey; it's a reporting of 
p3) incidences. 

p*l Q: Health-related incidences? 



(i) souKBfco^he information reganjing fiigftt 
pi are/itfent'&mpuints as to the ct^£^P$blems in 

P) cabin’fefcejiialjcy in the cabin atmosphere was your 
hi dtscu$fcn|with flight attendants, 
n A: 3a$K&pre$entatives of the 

M attendantsjamion. 

pi Q: name any of the flight attendants 

PI youVeindjyiduaUr spoken with ^yoifcs^here? 
pj A: urn e|. than Sue Ludwig, no, foo n't" know the 
[in namePSPI^e others. jgjggpggji 

pi] OteABdafoc’s the person, the lady tfho’s taking 

HU a gratjuncjjegree in your prografaj!#<tu* correct? 
im A: was a student in the night school. 

I«) A; Anrtshe has since graduated, and she's not 
pi) enroiaad in pur program. 

tm Q: (SllSS&biost of those measurements were taken 
[iq prior ^gjMgy of 1994, why is that report not done? 

M A: Lhaa 'S t|cre were a couple of reasons for 

P°J it, but^^^^rh answer is that we are data rich 
pi) and analysis poor, and it just-we lag behind, 
ps) Q: I’m sorry. You mentioned Sue, whatever her 

PH last name was. 
rw) A: Ludwig, 

Pagft 2S1 

|i) A: As he described it, it is anything from the 
pi communication system doesn't work, to there's odors 
pj on the plane, to it's too hot, and health-related 
to symptoms. 

ra Q: You indicated in responding to Mr. Furr's 

Pi questions that radiation is certainly, if nothing 

PI else, a significant health problem in regard to the 
[«l cabin environment potentially? 

Pl A: Potentially. 

tin] Q: Depending on the flight, the altitude, the 
[it] solar activity, et cetera, correct? 
l«j A: Yes. 

[iq Q: And do you know, Doctor, that EPA has 
no classified cabin and cockpit crew members as 
[isj radiational workers? 

(iq A: No, I didn’t know that. 

H7) Q: If I told you that, that would undertine 
[iq your concern, wouldn't it? 

[iq A: Yes. 

[?oj Q: By the way, do you know ClaudcThibcault? 
pi) A: Sounds familiar. 

tai Q: He's the medical director for Air Canada. 
rzii A: Okay. 1 know of the name, and he was 
po supposedly going to show up at that meeting. 
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pi Q: His white paper was actually presented for 
P) the Aerospace Medical Society. You’ve probably seen 
Pi it- 

K A: Yes. 

is) Q: And J just wanted to direct you to the fact 
m that there had been a couple of Canadian radiation 
P) studies which are significant in this area also. 

Pl I"Just Sa. we're clear on this Boeing study, 
n you did present your findings verbally to the ASKRaE 
H») sab -5-HSdnee in January, correct, your findings up 
im through that date? 
its) ?' A: Ln^pan. i summarized some of the 
Hi) cPijpil&Sbns of a few of the parameters, and, like I 
luj said, some of the biological data is still in 

(is) culture and actually hadn't been analyzed. 

),«] foTpRJAO that really there wasri*fr anj« Bing 
lit) y«fiZ:’s*p^tSStcl d on the basis of cortfidbnratftry, you 

[it] jigt^rescrued what you fch was poper from a 

im tgi®teil§e»iil Mint of view to shaftf'Withlipur 
poj coUeagu^correct? 
pi) ^Cffifc onaact with Boeing 
122 } (&nBp!nUatity clauses, 
pal couple of questio: 

pij Executive Summary; do you havi 
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mgs. 

e heading 
ragraph you 


want to confirm a couple 
second full paragrapl 
."Now. this was writ* 

m program %as done In 1994,and . r . _ . 

Pi acknowledge concern regarding transmission of 
iruses on aircraft, cor' 
et. 

m sure you're aware. 
ce you wrote this paraigr3f|i, IBjat it has 
«d by the - I'm ron fe*jdBffi» cmembcr 
if the public health agencyii'm^ure you 
I'm talking about - that there have been 
Incidences of the transmission of TB 
eh aircraft passengers and aircraft crew, 

demanding, it's between passenger 
jerand between crew and other crew and 
i passengers. 

poj Q; I think you're absolutely correct. And 
pu that all occurred subsequent to your writing this 
m paragraph, conm, the public health study that 
pil reached that conclusion? 
p*i A: The latter one where there was an 
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infectious flight attendant flying for several weeks 
in an infectious condition, that actually occurred 
priof to the writing of this thing, and I had seen 
the presentation of that work . So to answer the 
question, one of them occurred prior and the other . 
afterwards. 

Q: And the others that were reported on, 
actually the Aerospace Medical Society meeting in 
May of 19% would confirm your concerns as expressed 
hero, that it's important to pursue this issue 
further, correct? 

A: Yes. 1 presume so; 1 don't know what was 
presented there. 

Q: The other findings we're talking about. 

And the last thing I have in this area is 
on Page 6. I'm not sure we touched on this.The 
last sentence of the paragraph which concludes at 
the top of the page, this is a reflection of or a 
discussion of review ofVOC measurements, and your 
conclusion is, "However, the eye and respiratory 
irritation of ethyl alcohol in combination with 
acetone, isopropyl alcohol, and other chemical 
compounds should be tested.” 

Do you know if testing has been done in 


Paga 255 

that area? 

A; I'm aware of no testing done to date. 

Q: Okay.You still hold the opinion that 
testing should be done, correct? 

A: Yes.Ido. 

Q: Lastly, Doctor, just a few things back on 
your summary of what you're supposed to testify to. 

And I’m sorry, Jeff, help me here, because I may be 
doing something that you did while I was out of the 
room, 

Mr. Furr asked you about this first 
sentence, the consensus of the worldwide scientific 
and medical communities, and 1 think your answers 
covered this question, but if not, help me. And 
that is, you cannot, as you sit here today, identify 
any person who you would vow to be in the worldwide 
scientific and worldwide medical community that 
would separately testify that the consensus is that 
exposure to ETS in airliner cabins causes disease, 
can you? 

MR. HOAG: Object to the form of the 
question. 

A: I think I could, yes. 

Q: Who? 


i 
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M) A: I would think Samet might say this, John 

pi Samet. 

P! Q: Anybody, else? 

HI A: We already have Dr. Burns. 

P) Q: Dr. Bums is hardly an expen on ETS in 
pj airliner cabins, is he, Dr Spengicr? 
pi MR. HOAG: Objection.You’re arguing with 

m the^vitness. He’s answered your question, you don't 
pi like the answer, so you're arguing with him. 
no) go ahead and answer my question 

[mi abqytDr, Bums. 

[i 2 ) A- Let iT).; go back, what constitutes an expen 

[iaj on Iff'-' He’s someone who can look at the literature 
(w) iiveanyone elsc can and say, "These are reasonably 
lis) dot^^^rements." ^ 

im w^Wtarou think someone wfe^fa qjdg himself 
jin ouplifr i%>crt witness should h ^i^ ^^tion and 
no training in the field in question? r' 

MO JpSW^i^t's conditionally excursive SJ| 

M all those stiff ot experiences and 6aS^.fl ierc 
PD are.|^p)^ people in the world ever be 

pa] JltsWeS^et me ask you, Dr. Spe^^^i’re 
PD not a medical doctor; that’s corre^tfe|^| 


n) A: £h|t^|correct. 

PI Q: A^|ou have not been reumed'i^j.his 
PI matte#Tp depress medical opiniom^Srect? 

W A: flips'correct. 

ra Q: Ahd j|st while we're on tht$;suhjc«, 

to you’r&tgslin expert in ventilation system). 

Pi correi^y^u'rc not a ventilation en^ine^jjs :? 
m A: iWn|t an engineer, but I kr&w vlntilatio n 
pi systciw^wlach it. gtg&gg||g| 

[toj ^Jj&sywh do consider yourselfas havin|j 
in) exbe mse k regard to opinions a ^y^^ cainple. 
no the reraere efficiencies of ventilation systems? 

(isj A: the right context. One could always 

11*: conjutt?; 8 p ; clean rooms that I might not be familiar 
its] with, gut general principles of ventilation systems 
fit; and hovtfeey work and how to make measurements of 
li 7 s ventUa.uog system efficiencies, yes. 

[i«i Q: fanight.And how about the configuration 
(i*) of air^KtKSfeaiou’rc identified as someone who will 
I20i testify regarding the configuration of airplanes. I 
PD assume this knowledge is gained from exposure to 
P2i wort in the areas that we've discussed today and 
rji exposure to airline cabin seating configuration 
P«l charts; is that a fair conclusion? 
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ID A: And schematic diagrams of their air 
PI conditioning systems and lots of hours of shared 
Bl experience with Halfpenny and people at Boeing about 
ID how the systems work and onboard observations and 
isi reviews of the systems as the planes are being 
ID built. I'm certainly not a design engineer - 
Pl Q: That's fme.You're knowledgeable 
(»l regarding what's there in regard to where the seats 
Pi are and how they're arranged, and you're 
Iio| knowledgeable regarding the ventilation system in 
jiij terms of where it is and how it works. But you're 
[iz] not a design engineer, and you're not a ventilation 

|i3j engineer, correct? 

[Mj A: Correa. 

[isi MR. DAVIDSON: Let me Just take a short 
[iti break. 

[i7] (Recess) 

[i« CROSS EXAMINATION 

[i*l BY MR. HOAG: 

po] Q: I just wanted to ask you a couple Of 

pij questions related to, among other things, the 

P 2 ) document that was shown to you by Mr. Furr.The 

PD part that he read to you I believe is this 

PD paragraph, and HI read it over again: "Estimated 
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hi lifetime cancer risk to ETS exposure to be 12 to 16 
IT] premature lung cancer deaths per 100,000 nonsmoking 
pj cabin crew members." I'll stop with that 
Hi sentence. 

1 st Do you know how they came up with that 

i«j number of 12 to 16 premature lung cancer deaths per 

P) 100,000 nonsmoking cabin crew members? 

PI A: Not in a lot of detail, no. 

PI Q: Do you know in any detail? 

[i 0 ! A: Yes, I know they took the particle 
(iij concentrations and derived an FTS fraction and 
112 ) applied a dose factor - excuse me, 1 should say a 
PD potency factor associated with a dose of ETS, and 
imi then extrapolated from there what the estimated 
|isi population risk was.Thc details of where they 
jiD derive that potency factor I don't know. And 1 
[i7] think that the essence of it is understanding 
(iaj what assumptions they made in terms of the 
[i*i concentrations, the time/activity patterns of the 
PD flight attendants, and what the potency factor is. 

PD Q: Do you know why the estimated range was 
[ 22 ] within four, exactly 12 to 16 premature lung cancer 
pa) deaths per 100,000? 

PD A: That’s rather unusual in terms of how 
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PI this - do you know how many of that estimated range 
pi from 45 to 1,026 included brain cancer? 

PI A: No. 

HI Q: Do you know how many of that estimated 

15 ) amount included any type of cancer? 

Kl A: No, I don’t think they specified tumor 

Pt type, 

Pi Q: Is one more likely or less likely to 

P 5 contract brain cancer from cosmic radiation or lung 
lid cancer from cosmic radiation? 
lit) MR. FURR: Objection. 

|i?l A: Well, based on my rather simplistic 

Pa] analysis, I would say it’s more likely to have brain 
iui cancer initiated by cosmic radiation than lung 
fisi cancer, 

[iej Q: Why is that’ 

117] MR. FURR: Objection. 

[i»l A: Because of the density differences of the 
iui trass of che tissue. 

poi Q: I want to refer you to Page 136 of "The 
i?i! Airliner Cabin Environment" report that you’ve 
rzj looked at a number of times today. It’s not an 
l»i exhibit which is incorporated as an exhibit into 
p*l this deposition; it’s an exhibit in a prior 



PI ' know what types likely 

p] to r«ftom exposure to cosmic rad||g 0 n? 

M MR?f UftR: Well, I’ll object. He&gf^tftfy 
la testift^S^ihat’s outside the scope MTttts —1 

Id expf&ise>: 

PI ANs^aik- well. I don't know/I don't J 
id lhtnksaay.speclfic cancer type cd^y^gjjbsolutely 

PI exclii jetT js having a potential causality due to 
im cosi^^OTiadon.lc could affect l&gm&y tissue 

(..] otmmfr- { 1 ; 

|i«! know whetherskinppS^ caused 

iui by co^ffc radiation? 

H*i Ar^JB.Tdon't know. It’s caused by solar 
lid radiatfe^l don’t think it’s caused by cosmic 
lid radiation. 

(it) Qs&ft-jbu know whether brain cancer is caused 
|i»l by cqjpj^ radiation? 
ini A^lt cclSuijlly would be. 
t»l Qi^^^^you say that? 

I 2 ii A: Because cosmic radiation Includes a step of 
pa ionizing particles which effectively could damage 
mi DNA. 

p*i Q*. By looking - not even just by looking at 

Page 263 

til deposition we took of- 

tn MR. DAVIDSON: Halfpenny, Paul Halfpenny. 

Pl Q: Table 5.2 referring specifically to NNK. 

I*i which there is a reference on the left-hand comer 

Pi to NNK. What is 'NNK"? 
t«j MR. FURR: Objection, 
m A: NNK is footnoted as Footnote b to this 

PI table, and h refers to methyl nitrosamine and some 
pi additional compounds, pyridyFbutanone, which is a 
|iq nitrosamine, 

mi Q: Based on your review of the literature, do 
liz) you have an opinion as to whether or not NNK is a 
|i 3 ) carcinogenic compound? 

|i*j MR. DAVIDSON: Objection, leading. 

(is; A: I believe it is an established carcinogen, 
lit; I don’t know the specific classification that IARC 
(i 7 j would give It, but it’s considered in occupational 
|it| settings as a carcinogen. 

(isi Q: Now, in the table in the middle it says - 
po] Total Emission in Mainstream Smoke,‘ and next to 
rail 'NNK," what does that number represent? 
pzj A: This represents the mass of emissions in 
!23] micrograms per cigarette that is involved in the 
p*i mainstream smoke, which is that portion of the 
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tn cigarette that would be Inhaled. 

ra Q: And the next portion of that table reads 

pj 'Sidcstrcam-to-Mainstrea in Total Emission Ratio," 

hi Can you explain what that means. 

pi Ai Yes.These results I believe came from 

PI smoking tests done in a chamber where sidestream 

PI smoke was captured separately from mainstream smoke 

W and the total mass in those two fractions per 
n cigarette were ratioed. 
jtoj Qi^hat was the ratio when you compared 
in) sideAmrn stroke to mainstream total emission? 
pa A: Pbrfliifc compound? 

[is] Q:s¥es. 

(M) A: ranged horn 1.1 or 10 percent 

(is) highjtr to 47P- excuse me. I’ll restate this. 

!<•] They range from equal values - In other 

[i 2 ] won^^sdnK itudies showed that they were equal in 

[iq their .r*‘sjqh ratios - to other studles shpwing 

PH that flfitywehr four times higher in pid sidestream 

[20] L, --r™ 

pi] Qj'So son^$howed that the side5trf'«« sicoke 

1221 was four tirrj^s highe r? 

ini Mil ? UFf$:'Objection, leading. s ; 

[2*1 Ai^i^^btrect. JllLg||P 

Paga 266 

(<] word "potential" rather than "established"? 

Pi MR. FURR: Objection. 

P) MR. DAVIDSON: Objection, leading. 

(<] MR. FURR: Calls for speculation by this 
r witness regarding consensus of other people. 

P! Q: You can answer it. 

P! A: I’m not Sure I fuby understand the 

Pi question.You said if I were shown some data or 1 
ts>i were told that what, that 12,000 nanograms ofNNK 
[ioj were emitted from what, the cigarette? 
mi Q: From one cigarette. 

[iq A: From one cigarette. Mainstream or 

[ij] sidestream? 

in] Q: Sidestream smoke. 

[is] A: Sidestream smoke.According to this data, 

[iq the highest number that had been reported previously 

[it] according to these references would have been 

[i»] something on the ordet of 4,000 nanograms of NNK in 
[iq sidestream smoke. So if I were told that someone 

P3 really had measured 12 , 000 - and this ratio could 
pi] be incorrect, because you don't know what the 
p 2 > reference base is. I guess if you reference it to 
[»] the same cigarette, maybe the sidestream smoke was 
tai higher than these tests. So the ratio might 

^ g | 
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(i) actually stay the same, but the net contribution to 

PI the air would be higher. 

pi 1 think it doesn't change my opinion a 

[4] whole lot, because I think what I see from this 

Pi table and the table on the previous page, which is 

P) for the vapor phase compounds, that many of these 
pj compounds that are produced from cigarette 

M combustion appear to be enriched in the sidestream 

Pi phase, and there is variability in these studies, 
ltd] So it would essentially just expand the variability 

It t] for that particular compound. It might go from 1 to 
ini 1 to 12 to l.lt just means that more of it is 
ioj available in the sidestream smoke. 

[iq And the way I look at all of this overall, 

(iq I think it helps to support the biological 

fi<] plausibility that sidestream smoke is more 

|it] irritating on a per mass basis and more carcinogenic 

im on a per mass basis than mainstream smoke. 

i(t 9 ] MR. HOAG: I don't have any other questions. 

p«] MR. FURR: I have just a few. 

pi] REDIRECT EXAMINATION 

[22] BY MR. FURR: 

pa] Q: Dr.Spengler- 

[ 24 ] MR. DAVIDSON: Let me do this,Jeff, if I 
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HI could, because I'm going to take a stab at getting 
& the 7:30, 

Pi MR. FURR: So am I. 

Hi MR. DAVIDSON: CooLl was just going to 

IS] put something on the record about where we are, 

H) that's aU. 

Pi Q: The sidestream smoke comparisons contained 
PI in Table 5.2 that Mr. Hoag was just referring to are 
m fqrtfresh whole sidestream smoke? 

(<q I A: I doift know what the "hold" means, 
mi ''%;-W|0ie, w-ho-l-e. 
dll j&iOh, whole. 1 still don’t know what the 
im tetm refer* to. 


‘"I ““■v* 

iiq s fr: But the point is, under these experimental 
liq coafeiiogs. as you appropriately g^azaeierize it, I 
(it] uhde.^^Pd that this is freshly generated*::; 

(i*l tffi S w g y U ndiluted sidestream 
l'*i iflLl^ja tios that are presenterin this. 

[201 represent in any wa#thjyaci| of 

tail exposureffor these constituents IhttAa^ le incur in 
pa tlgi^^irid /or envltoiunenot^^^S^inoke. do 

DU ihev? W* .7 


hey re not meant to 1 


it) testimony. Obviously, as Mr. Hoag has pointed 
pi out, that’s a matter for the judge to determine, not 
PS us. 

Pi (Whereupon, at 7:00 p.m. the 
P) deposition was suspended sine die) 

8 

7) 
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It] ej^^SSj^eoplc incur. 

B Q:%p£se environmental - stM^raSB 
Pi Sidesggar^smoke is not environmenu£|obacco srrv 

ts) A: a major componenfo/it.yts. 

H Q:f|uy|jestream smoke Is dili&ftttftlost 

p] instaiitiiSS>usly as it is generated from the&juming 

tt) tip ofBiisitJigarctte, isn’t it* pisiSSP 

pi A:^^puted into the larger vctiunuyyfair, 

I*t) the concentration o iNlfafaj 

H 2 ) env-riSansphtal tobacco smoke unU r^ ^vorid 

(Ml A: syTha^s real world conditions? 

Iiq Q: Jwl^erage condition in an airliner. 

|iq A: '^cpiiJd make an approximation of it based 
(it) on thlwjri&nbers by knowing the mass of 
(iq panJqnttttrpfaasc and doing a proportion of that 
da) mass|mM|gg these emission factors, but I don't 
(To) knotraffMW, 

Cij MR, FURR: Okay.No other questions. 

Bn MR. DAVIDSON: For the record, we do not 

CD conclude, depending on what Dr. Spengler’s future 
B4] intentions arc regarding preparation for bis 
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cco smoke, 


v it's a major component of it, yes. 
j|destream smoke is diltefSHnost 
fously as it is generated from thdjbuming 
Cigarette, isn’t it? 

j|hiied into the larger vcyyuneo/air, 

it|is the concentration 

erital tobacco smoke untferwtl Wrld 


; real world condition:,? 
rage condition in an airliner. 

I make an approximation of it based 
mbers by knowing the mass Of 
)hase and doing a proportion of that 
on these emission factors, but I don't 


1 certificate 

I I, John G. Sp«r^»r, PtvD., da Iwreby certty 
(tall have read It* foregoing Vansct^il of tny 
| IMtHony. and luilTwr carl By that taJd Versctlpr 
| Is a true and accurate record of aald testimony. 

Paled a!__ mb ___ day O _. 

i 1997. 


Swore and cubttrfcod to before mo this day 
Of_,1997. 


Page 271 


Notary Pubfc 
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Introduction 

ng this century, dramatic episodes 
is mortality caused by ambient air 
Son convincingjy established that 
|cric contamination by human 
activities can adversely affect health. In 
many countries, governmental regula¬ 
tions implemented in response to the ad¬ 
verse health effects of air pollution have 
resulted in strong trends towards im¬ 
proved air quality. As the hazards posed 
by ambient air pollution from conven¬ 
tional fossil fuels have diminished in 
some countries, the relevance of indoor 
•ir quality for health has become increas- 
ingly apparent. Studies of lime-activity 
patterns demonstrate that residents of 


qiMWAJtY Slim tsewerty WTOa thxheofm :J*3eta ct kvjooe »*rpo«ut)or ijv* b*tn lrw**tiq*t»o 
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of Indoor tk petmUen: tourem. oonoomr o Bona, h—Hti fleets, tngtwwrlne, end policy. Thla r»vWw 
boglne wl» * rovWw ef Pi* pelnclpf potXrttnta Sound In Mw ♦nWonmonte and Mr wnt 
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raabarch needa, and eknieei kn pWca d on t. AN nrv anew oca iter; iss-waa-taea 


more developed countries spend on av¬ 
erage little time outdoors (table 1) (1.2). 
Thus, indoor pollutant concentrations 
are the predominant determinant of ex¬ 
posure for many pollutants and the only 
source of exposure for some. However, 
pollutants in outdoor air do penetrate in¬ 
doors, and for some pollutants of cur¬ 
rent importance, such as ozone and acid 
aerosols, nearly all exposure, whether re¬ 
ceived indoors or outdoors, results from 
outdoor sources. 

Research directed at indoor air pollu¬ 
tion and its adverse health effects began 
in the late 1960s and early 1970s (3, 4). 
Investigation in this area was subse¬ 
quently stimulated by concerns that re¬ 
duced ventilation of buildings for the 
purpose of energy conservation would In¬ 
crease pollutant concentrations and lead 
to adverse effects on health. Conse¬ 
quently, a Urge body of literature is now 
available on diverse aspects of indoor air 
pollution: sources, concentrations, health 
effects, mitigation, and policy. 

While many health effects of indoor 
air pollution remain controversial, epi¬ 
demiologic and clinical research has iden¬ 
tified some health effects that should be 
considered by chest physicians and other 
health care providers. The public has 
been intensely inierested in the new in¬ 
formation on indoor air pollution, par¬ 
ticularly as ii relates to such ubiquitous 
exposures as formaldehyde, environmen¬ 
tal tobacco smoke, radon and radon 
daughters, nitrogen dioxide (NO,) from 


gas-fueled cooking stoves, and smoke 
from wood burning fireplaces and stoves. 
Patients may turn to their health care 


This is Pan 1 of two pens the second will appear 
it i tht next issue of the fyview. 
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tion. with an emphasis on the data that 
are most relevant for health care pro¬ 
viders and those concerned with pub¬ 
lic health aspects of indoor air quality. 
We have also focused on the indoor air 
quality problems of greatest public health 
concern at present and emphasize those 
for which new evidence has become avail¬ 
able: passive exposure to tobacco smoke, 
NO, exposure from gas-fueled cooking 
stoves, formaldehyde exposure, radon 
daughter exposure, and the diverse health 
problems encountered by workers in newer 
sealed office buildings. The citations are 
based primarily on a literature search that 
extended through June 1986; selected 
references subsequent to that date have 
been cited. 

Review articles (7-10) and several mono¬ 
graphs (11-14) on indoor air pollution 
have been published, as well as a report 
by the National Research Council (IS)- 
Proceedings of meetings on this topic 
have also been published (16-24). Numer¬ 
ous sources on the health effects of am¬ 
bient air pollution are also available, in¬ 
cluding a statement of the American 
Thoracic Society (25). reports on indi¬ 
vidual pollutants by the National Re¬ 
search Council, and the criteria docu¬ 
ments prepared periodically by the En¬ 
vironmental Protection Agency. 

In this review, we initially consider the 
sources of indoor air pollution and in¬ 
formation on personal exposures to in¬ 
door air pollution. Subsequently, for 
each of the major pollutants, we review 
the concentrations in indoor environ¬ 
ments and the health effects. We con¬ 
clude by briefly addressing indoor air 
quality assessment, control technology, 
research needs, and clinical implications. 


Indoor Air Pollution: Sourer* 
and Exposure 
Introduction 

In this section, we highlight information 


•fpcidefS because of concerns about 
fKjtettria! health effects of these |Hd other 
indoor 0 pollutants. "T" ! 

: -The ftedings reported in this 

have wide-ranging ptjto ijp 
P^i (5). Evidence of adveprngjttn 
effects of indoor air quality m frgaitdife 
decisions and anions on consumer prod- 
uctib|jii)141ns materials and d&ggpggg^ 
er^cons^vatjon practices, arid regula- 

S okingifp^cplacliis^i 
ites, iha^&Bstiroiime’hul PrcR- 
sney underdid BUthoritYbf the 
Clean Air Actf^@M!8| to pr isB^WSd 
jgSMHWfputdoor but not indoor air quaf- 
''hj^hpageney has constnict<$p^H8jg§- 
torvSframework for impIementfftgvAm- 
bim.a|| quality standards 
visISN^eoinplex set of regulliions- far 
corilroUing mobile and stationary.aix.pol- 
lutWfburces. \ 

pMgpme criteria po!!uun||g§a^l- 
cotuas&g trend of improving Outdoor air 

AmbUttt Air Quality Standard*;f|flf ; to- 
tal ss ^e nded particles (TSP), S sulfur dt* 
o;dde(SO,), carbon monoxide (CO), and 
teilSitPfe) has decreased over the past de¬ 
cide Even peak ozone (O,) concent ra- 
tibfis'lttve declined in many locations. 
Oftbef; criteria pollutants, only NO, pol¬ 
l ution has worsened (6). However, im- 
pwwm in ambient air quality do not 
necessarily imply that human exposures 
to harmful pollutants have also declined. 
Indoor air quality is not directly regu¬ 
lated, and use of some sources of indoor 
air pollution, such as wood stoves and 
kerosene space heaters, is increasingly 
widespread. Low air exchange rates in 
newer homes and office buildings may 
also increase personal exposures. Thus, 
air quality policy designed to fully pro¬ 
tect public health must address exposures 
to pollutants indoors as welt as outdoors. 

This review summarizes information 
on the health effects of indoor air pollu- 


on the sources of those pollutants that 
have been, or are, potentially associated 
with disease. We also review studies of 
personal exposures to pollutants. Con¬ 
centrations of pollutants in indoor en¬ 
vironments are described in subsequent 
sections on individual pollutants. We do 
not attempt to cover exhaustively the data 
on sources and exposures; comprehen¬ 
sive treatments are available in the report 
of the National Research Council (15) on 
indoor air pollution, in a review by Yo- 
com (26), and in the proceedings of the 
Seventh Oak Ridge National Laboratory 
Life Sciences Symposium (24). 

The health risks posed by air pollu¬ 
tion are determined by the personal ex¬ 
posure of individuals to contaminants 
and not simply by pollutant concentra¬ 
tions in indoor and outdoor air. Personal 
exposures to air pollutants represent the 
average of the pollutant concentrations 
encountered in various environments 
with weighting proportional 10 the time 
spent in each location (figure 1). In more 
developed countries, studies of activity 
patterns have established the importance 
of the indoor environment in determin¬ 
ing personal exposures (table 1) (1, 2). 

The determinants of indoor concen¬ 
trations vary among the pollutants. Lev¬ 
els may be influenced by outdoor levels, 
indoor sources, the rate of exchange be¬ 
tween indoor and outdoor air, and other 
characteristics of the structure and its fur¬ 
nishings that influence pollutant disper¬ 
sion and removal (15). Pollutants from 
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.outdoor sources cart,enter a building 
• through mechanical ventilation systems 
and through the natural inriltration of 
air. The indoor concentrations of "out¬ 
door pollutants" depend not only upon 
the outdoor concentrations but upon the 
infiltration, the reactivity of 
itinant, the efficiency of any 
filtration systems, and, for 
upon the panicle sire and shape: 
Rar example, O,, primarily an ambient 
is a highly reactive molecule; 
itfollows first-order decay kinetics when 

S g indoors and usually reacts 
th surfaces. Indoor cofteentra-j 
, are usually less than 
outdoor concentrations (28). Nlverthe- 
jfiPISSi^mall amounts of Ojpwill 
imporuittin some indoor ero ' 

[ museums and iocatii 
ces. The concentration: 

|h are large panicles fi 
side sources, decline subsuntii 
increasing distance from doors an 
dowj$§)^putdoor sources m: 
unilmuiy^gh pollutant levels’ 
if frtitftsalr intake are i: 


aawrr. wsmurr. uc secw^ 


TABLE 2 









creasi 
s build] 

intake vents fed % SPSSiiiajnii 

aust from adjacent tbai 
: garages. 

sing concenirat ions of ini 
|s have been of panict 
entilation rates have; 
jj| newer structures. Th^-gl.-mij- 
sing units in the United States 
arctfcwetse in character and 

-^likely to be associate' 

indoor air pollution 
|n new “tight" homej 
ates during winter mi 
i O.S per hour, while most con- 
1 homes have average exchange 
tween indoor and outdoor air 
1.0 per hour. Energy efficient “*u- 
I" homes can be built with win- 
gchangt rates as low as 0.1 to 0.3 
In comparison with convrn- 
horaes, mobile homes and pre¬ 
fabricated housing units have lower mean 
air exchange rates and are of smaller vol¬ 
ume. These characteristics make them 
particularly Cable to indoor air pollution 
problems. In many new office buildings, 
construction techniques and ventilation 
practices also lead to low air exchange 
rates and the potential for air quality 
problems. 

Although most time indoors is spent 
ai home or at work, about 5V» of each 
day is spent in transit (table 1). Trans¬ 
portation environments pose unique prob- 
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lems with regard to air quality. In most, 
air exchange rates are high, but the ratio 
of the number of occupants to air vol¬ 
ume is much higher than in other en¬ 
vironments. For exampte, commercial 
jets «e designed to have several air ex¬ 
changes per hour. Into automobile with 
the windows open or the ventilation fan 
operating, the number of air exchanges 
can range from 5 to SO per hour. The 
occupant-to-volume ratios arc much 
higher than found in almost every indoor 
environment used by the general public. 
Thus, substantial exposure to airborne 
pollutants may be sustained in transpor¬ 
tation environments. 

The ventilation systems of commer¬ 
cial aircraft are designed to pressurize the 
cabin, cool electronic equipment, vent 
lavatory and galley areas, and provide 
conditioned air for passenger and crew 
comfort (30). The air is drawn through 
-compressors, conditioned by mixing with 
ambient air, and delivered through over¬ 
head systems. The air exchange on air¬ 
planes is usually quite high, although 
some aircraft, such as the new Boeing 
767, are configured to recirculate 5Q 1 V* 
of the air. At full passenger load, only 
7 cubic feet per minute (cfm) of fresh air 
per person would be supplied, only 
slightly greater than the minimum recc m- 
rnended in the current ventilation guide¬ 
lines of the American Society of Heat¬ 
ing, Refrigerating, and Air Condition¬ 
ing Engineers. 

important and occasionally unique ex¬ 
posures to pollutants can be sustained in 


special environments, although UrtJe time 
may be spent in these locations on aver¬ 
age For example, sports arenas can be 
heavily contaminated with tobacco 
smoke (31), and motorized ice cleaning 
equipment can increase levels of CO and 
NO, in ice skating rinks (32). Exposure 
to volatile organic compounds (VOC) can 
take place in dry cleaning establishments 
and fabric stores (33). Camping lanterns 
and cooking stoves are potent sources of 
NO, and CO (34). In fact, fatalities have 
occurred to campers and explorers from 
CO poisoning (35, 36). 

Sources of Indoor Air Pollution 
Numerous sources of airborne contam¬ 
inants have been identified in indoor en¬ 
vironments (tables 2 and 3). The pollu¬ 
tant sources found in home, office, and 
transportation en vironments are listed in 
table 2. In table 3, we describe the sources 
of the principal pollutants and typical 
concentrations. Governed combustion, 
evaporation of solvents, grinding, and 
abrasion can produce gaseous and par¬ 
ticulate pollution indoors. Radon and its 
decay products accumulate indoors from 
soil, water, and building materials. Bio¬ 
logical sources include growth of molds, 
fungi, and bacteria, and insects and pets. 

In the home, the principal combustion 
sources are tobacco smoking, gas cook¬ 
ing stoves, and unvented kerosene heat¬ 
ers. Wood burning in stoves and fire¬ 
places may also affect indoor air quality. 
Formaldehyde may be released from urea 
formaldehyde foam insulation (UFFI). 
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,f0m furnishings, and from household 
P^ducis. Volatile organic compounds 
jX't numerous sources within the home 
J®duding tobacco smoking and house¬ 
hold products. Radon, emitted by the 


earth under a home, can enter through 
cracks in the foundation, crawl spaces, 
sump holes, and other portals. Building 
materials, water, and utility natural gas 
may also be sources of radon. 


tees 



In offices, tobacco smoking is an im¬ 
portant source of respirable particulates. 
Formaldehyde and other VOC may be 
given off by building materials, furnish¬ 
ings, paints, waxe* ««nn!ie*. and clean - 
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ing solvents. Biological agents. which 
have proliferated on moist surfaces, may 
be dispersed by the office beating and 
cooling systems. Many of these same 
sources of air contamination are present 
in transportation environments. 




Agonal Exposure to Air Pollutants 
1 Measurement of personal exposures to 
'^IpkSfiitenis confirms the contributions of 
p" these indoor sources to total pollutant 
ures (37). Direct personal monitor- 
i become possible with the devel- 
tn of passive sampling equipment 
ghtweight portable pu*p : systerns 
?). By combining personal j 
iked-location sampling ! '” 
t information, the relative cosjlri- 
I of various locations &da?iin|rs 
ifcnal exposures can M 
Studies using these tech 
shed the importance , 
for exposure to resp 
ticulates, CO and NO>. 

^ For example, Spengler and 
<4$j«valuaied sources of v 
lonal tsipotures to respirabtj 
ident»lisf^€emiruii 
t Tennessd&slfe ambie^spneen- 
irafiohs andexpc^UR^j*erc 
uneomlaiedifbSrwfc conctps^fl^f 
pMahl* particulates io the; homes ex- 
I more than 60'% or thlPiiiil^n 
tonal exposures. Reporteofd|grcco 
>j| exposure alone accou:. sdfbrtess 
05% of the variabHity.p‘"'““"i 
? Quackenboss and coUeagtjteHdl^e- 
similar results from a study Of 
nil N0» exposures oiMi 
hildren living in the vidruty of an 
ulturaJ community In cfPtp$!|s- 

V In this population jmorf th|n 

V the variance in w«|i«li^ir- 
1 exposure to N0» was accounted fbr 
Ration in bedroom concentration! 

ntrast, the studies of personal cl¬ 
osure have indicated the predominance 
"“Idooi sources for some pollutant! 

<w- 




4«ahh Eftteta Ot Indoor 
!li Pollution 


Introduction 

We have described the sources of indoor 
air pollution and the principal pollutants 
that may be found in specific indoor en¬ 
vironments. In this section, we address 
the health effects associated with these 
pollutants as well as information on the 
concentrations of the pollutants in in¬ 
door air. In discussing their health ef¬ 
fect! we have broadly grouped the pol¬ 
lutants by their sources: combustion 


sources—tobacco smoke, NOj, CO, and 
wood smoke; biological sources - infec¬ 
tious agents and allergens: and miscel¬ 
laneous sources—radon and radon daugh¬ 
ter! volatile organic compounds, and 
formaldehyde. The problem of building- 
related illnesses or “tight building syn¬ 
drome," which cannot be linked to spe¬ 
cific agents, is described separately. We 
do not review the hazards, primarily non- 
respiratory, of exposure to pesticides. The 
National Research Council (42) has re¬ 
cently addressed the nonoccupational 
health risks of aabcsilform fibers, and 
we do not cover this exposure. Finally, 
we do not consider the effects of pollu¬ 
tants generated by outdoor sources that 
penetrate indoors nor exposures in the 
work environment that are associated 
with well-recognized forms of occupa¬ 
tional lung disease. 

Tobacco Smoke 

Introduction. Extensive toxicologic, 
experimental, and epidemiologic data, 
largely collected since the 1950s. have es¬ 
tablished that active cigarette smoking 
is a major preventable cause of morbidity 
and mortality (43). Involuntary exposure 
to tobacco smoke has only recently been 
investigated as a risk factor for disease 
in nonsmokers. Consequently, the evi¬ 
dence on Involuntary smoking Is more 
limited in scope than for active smok¬ 
ing, and controversy remains concerning 
certain associations of involuntary smok¬ 
ing with disease. 

Nonsmoken inhale environmental to¬ 
bacco smoke, the combination of the 
sidestream smoke that is released from 
the cigarette’s buttling end and the main¬ 
stream smoke exhaled by the active smok¬ 
er (44), Comprehensive discussions of the 
chemistry of sidestream and of main¬ 
stream smoke are included in the 1979, 
19S4, and 1986 reports of the Surgeon 
General (43, 45,46), in the 1981 report 
of the National Research Council on in¬ 
door air pollution (15), and in the 1986 
report of the National Research Council 
on environmental tobacco smoke (47). 

The exposures of involuntary and ac¬ 
tive smoking differ quantitatively and, 
to some extent, qualitatively (15,45-48). 
Because of the lower temperature in the 
burning cone of the smoldering cigarette, 
most partial pyrolysis products are en¬ 
riched in sidestream as compared to 
mainstream smoke Consequently, side- 
stream smoke has higher concentrations 
of some toxic and carcinogenic sub¬ 
stances than mainstream smoke; how¬ 
ever. dilution by room air markedly re¬ 


duces the concentrations inhaled by ;he 
involuntary smoker in comparison to 
those inhaded by the active smoker. 
Nevertheless, in voluntary smoking is ad 
companied by exposure to many of the 
toxic agents generated by tobacco com- 
bustion (15, 45-48). The intake of to. 
bacco smoke components by nonsmok- 
ers has been confirmed by studies using 
biological markers such as nicotine and 
its metabolite; eotinine. Thus, it is bio¬ 
logically plausible to hypothesize that 
exposure to environmental tobacco smoke 
is a risk factor for disease in nonsmok- 
ers. Active smokers must necessarily have 
greater exposure to environmental to. 
bacco smoke than nonsmoken, but the 
consequences of smokers' active and 
passive exposures cannot be separately 
evaluated. 

To date, research on passive smoking 
has focused on respiratory effects, at- 
though recent Investigations have exam¬ 
ined associations with diverse health ef¬ 
fects including nonrespiratory cancers, 
ischemic heart disease, age at menopause 
(49), sudden infant death syndrome (50k 
and birth weight (51,52). This review will 
emphasize the respiratory effects of in¬ 
voluntary smoking. Because the litera¬ 
ture on passive smoking has been re¬ 
viewed in this journal (53), in the 1984 
and the 1986 reports of the Surgeon 
General (45,46), and by the National Re¬ 
search Council (47), we will focus on the 
newer studies and the converging evi¬ 
dence for some effects of involuntary 
smoking. Symposia (18, 54, 55) and a 
monograph by Shephard (56) have also 
addressed the adverse health effects of 
involuntary smoking. Other reviews ot 
selected aspects of the health effects of 
involuntary smoking haw also been pub¬ 
lished (57-61). 

Exposure to Environmental Tobacco 
Smoke. Tobacco smoke Is a complex mix¬ 
ture of gases and panicles that contains 
myriad chemical species (43,45). Not sur¬ 
prisingly, tobacco smoking in indoor en¬ 
vironments increases levels of respirable 
particulate! nicotine, polycyclic aromatic 
hydrocarbon! CO, acrolein. NO,, and 
many other substances. The extent of 
the Increase varies with the number of 
smokere, the intensity of their smoking, 
the ventilation rate of the indoor space, 
and the use of air cleaning devices. Sev¬ 
eral cigarette smoke components have 
been measured in indoor environments 
as markers of the contribution of tobacco 
combustion to indoor air pollution. Par¬ 
ticulates have been measured most often: 
sidestream and mainstream smoke both 
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contain high concentrations of panicles 
in the respirable size range (46,47). How¬ 
ever, surveys of indoor air quality based 
on measurement of total suspended par¬ 
ticulate concentrations will not readily 
identify the excess mass indoors from en- 
jpronflKnttl tobacco smoke; Studies of 
/levels of environmental tobacco smoke 
ujients have been conducted largely 
jus public buildings; fewer studies 
en conducted in the home and of- 
ironments (46. 47). 
contribution of smoking in the 
home indoor air pollution has been 
! demonstrated by studies invomngtrej- 
picMiiiotuloring and 
/homes for respirable paniculate!. Spen- 
|P8MM^ associates (62) momtored^ 

: homes fbr respirable particulate cisSceh- 
ver several yean and I 
er of I pack of cigaret 
Sited about 20 pg/m 5 1 
door particle concentrations. | 
whb 2 or more heavy smokers,/ 
sh;o|»^.tJtat the 24-h Nations 
AjP$UBi*& Standard of 260 i 
spended peitfculatcs / 
d. Beca ujjfej&g amtes^ .... 
^nlfoitnfroviej the 
peak concenutrimPiiust 
sJtigWSKfts are actually smoked. Jherefort, 
total suspended piji(ilii!^e 
ations of 500 to 1,000 ug/mijre 
jthe time when cigaret^^ic- 
smoked- The dramati#eff«rdf 
; in the home is shownin-iigure 
summarizes 24-h samples Qf 
|le suspended oarticuldtc feingeS l- 
63). The variation in/he excess 
^concentrations among ttsittaRCc* 
|ed to the number of sreokeb and 
change rates. Home!li;ha&an 
■air exchange rate of ortly 0.44 per 










:ler and associates (40) measured 
onal exposures to respirable par- 
[ sustained by nonsmoking adults 
Tennessee communities. The 
i exposures were substantially 
those exposed to smoke at 

home 

Levels of other constituents of tobacco 
smoke have not been well characterized 
m homes. In the studies of Moschandre&s 
and associates (63), only homes with 
smokers had iron, arsenic, and cadmium 
levels indoors that exceeded outdoor con¬ 
centrations. Ambient cadmium ranged 
between 1 and 2.5 ng/m 1 while the in¬ 
door home average concentrations ranged 
between 2 and 5 ng/m’ in the homes with 
heavy smoking. Under usual circum¬ 
stances of smoking, the average emission 
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rate of CO, 50 mg per cigarette, will not 
increase concentrations in a residence to 
the standards set for outdoor air (64). 

More extensive information is available 
on levels of environmental tobacco smoke 
in various public buildings. Monitoring 
in locations where smoking may be in¬ 
tense, such as bars and restaurants, has 
generally shown elevations of particulates 
and other markers of smoke pollution 
where smoking is taking place (46,47). 
For example. Repace and Lowrcy (65) 
used a piezobalance to sample aerosols 
in restaurants, bars, and other locations. 
They found that respirable particulate 
Levels ranged up to 700 pg/m* and var¬ 
ied with the intensity of smoking. Simi¬ 
lar data have been reported for the of¬ 
fice environment, though the informa¬ 
tion is more limited (46, 47), 

Transportation environments may also 
be affected by cigarette smoking. Con¬ 
tamination of air io trains, buses, auto¬ 
mobiles, airplanes, and submarines has 
been documented (46,47). For example, 
a recent National Research Council Re¬ 
port (30) on air quality in airliners sum¬ 
marized studies of tobacco smoke pol¬ 
lutants in commercial aircraft. During a 
single flight, the NO t concentration var¬ 
ied with the number of passengers with 
a lighted cigarette. In another study, 
respirable particulates in the smoking sec¬ 
tion were measured at concentrations 5- 
fold or greater than in the nonsmoking 
section. Peaks as high as 1,000 Mg/m’ 
were measured in the smoking section. 

Markers of Exposurt. Biological mark¬ 
ers of tobacco smoke exposure have been 
used to describe the prevalence and the 
dosimetry of involuntary smoking. In 

both active and involuntary smokers, 
the detection of various smoke compo¬ 
nents or their metabolites in body fluids 
or alveolar air provides evidence of ex¬ 
posure, and levels of these markers can 
be used to gauge the intensity of exposure 
to tobacco smoke The risks of involun¬ 


tary smoking have also been estimated by 
comparing levels of biological markers in 
active and involuntary smokers. 

At present, the most sensitive and spe¬ 
cific darken for tobacco smoke exposure 
are nicotine and its metabolite, cotinine 
(47,66). Neither nicotine or cotinine are 
present in body fluids without exposure 
to tobacco smoke. Because the circulat¬ 
ing half-life of nicotine is generally less 
than 2 h (67), nicotine concentrations in 
body fluids reflect recent exposures. In 
contrast, cotinine has a half-life in the 
blood or plasma of active smokers that 
ranges from less than 10 h to about 40 
h (68. 69). The half-life of cotinine tends 
to be longer in nonsmokers than in 
smokers (68). Hence, cotinine levels pro¬ 
vide information about more chronic ex¬ 
posure to tobacco smoke in both active 
and involuntary smokers. Thiocyanate 
concentration in body fluids, concentra¬ 
tion of CO in expired air, and carboxy- 
hemoglobin level distinguish active 
smokers from nonsmokers, but these 
measures are not as accurate as cotinine 
for assessing involuntary exposure to 
tobacco smoke (66, 70, 71). 

Recent reports described cotinine lev¬ 
els and their relationship to exposure in 
adult nonsmokers and in children (table 
4). In adult nonsmokers, exposures at 
home, in the workplace, and in other set¬ 
tings determined cotinine concentrations 
in urine and saliva. The cotinine levels 
associated with involuntary smoking 
ranged from less than l*» to about 8*7i 
Of cotinine levels measured in active 
smokers. As would be anticipated, smok¬ 
ing by parents was the predominant de¬ 
terminant of the cotinine levels in chil¬ 
dren. Greenberg and colleagues (75) 
found significantly higher concentrations 
of cotinine in the urine and saliva of in¬ 
fants exposed to cigarette smoke in their 
homes in comparison with unexposed 
controls. Urinary cotinine levels in the in¬ 
fants increased with the number of cig- 
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by t^mQiher. The findings were undu^s- 
in ^IJ^snidy of infants that wssgbised 
on ginmt cotinine levels (78), Loclc and’ 
Na^^izve shown that coiiififrihff'v 
mcotmeleveis measured in infants breast-i 
fed ^smoking mothers reflect hMT 
dos«. revived from the breast nulkjwd* 
frpj&ijirajunury smoking. In a 
$£jipeS|dren in England, sahv*$,<M^ 
ai&^tM^tost with the number crmsBP^ 
ing parents in the home (77). Similar data 
wei ^agy ly reported from a large popu* 
latiqg^ised sample in New Mexico (79). 

T^ie^utts of some Investigationi 
baspftrtthei markers of exposure have 
beeffSi^SiJii. For example, Poulton and 
assc^!isyj|)reported that aerumthio> 
cyanate levels were significantly higher 
in children Using with smokers. In fact, 
levels of thiocyanate an increased in um¬ 
bilical cord blood if the mother lives with 
smokers (82). Nicotine levels in adults 
vary with report of recent exposure, and 
in several English studies all nonsmok¬ 
ers had measurable concentrations of 
nicotine in body fluids (66. 81, 84). 

The results of these studies using bio¬ 
logical markers have important implica¬ 
tions for research on involuntary smok¬ 
ing. The studies provide ample evidence 


that involuntary exposure leads to ab¬ 
sorption, circulation, and excretion or to¬ 
bacco smoke components, and the studies 
confirm the high prevalence of involun- 
ury smoking, as ascertained by question- 
naire (83). The results further suggest that 
questionnaire methods for assessing re¬ 
cent exposure have some validity. These 
studies also demonstrate that saliva and 
urine samples can be readily obtained 
from Urge populations: thus, cotinine 
levels in body fluids could be used as a 
marker of exposure in large-scale epide¬ 
miologic research on involuntary smok¬ 
ing. However, further investigation is 
needed to define the relationship between 
inhaled nicotine and cotinine levels in 
body fluids, the extent to which cotinine 
levels index doses of other tobacco smoke 
components, and the range and deter¬ 
minants of cotinine hair-life in nonsmok¬ 
ers. Further, a biological marker for cu¬ 
mulative exposure, which would facili¬ 
tate investigation of chronic diseases, has 
not been identified. 

Comparisons of levels of biological 
markers in smokers and nonsmokers 
have been made in order to estimate the 
relative intensities of active and involun¬ 
tary smoking. However, asimple propor¬ 
tionality cannot be assumed between the 


ratio of the levels of markers in pi^ 
and active smokers and the relative doie 
of all tobacco smoke components. No B , 
thdess, several investigators have aaarwJ 
to characteriie involuntary smokinT^ 
terms of active smoking. For exampu 
Foliar! and coworkers (86) measured Ut ;. 
nary excretion of nicotine in flight aitej! 
dants during an 8-h flight and estimai*j 
that the average exposure was 0.12 tools 
mg of nieotine. RusstU and cobea^ 
(87) compared nicotine levels in non- 
smokers exposed to tobacco smoke with 
levels achieved after infusion of know* 
doses of nicotine. On the basis of 
comparison, the investigators estioiiec 
that the average rate of nicotine absorp¬ 
tion was 0.23 tng per hour in a smoky 
tavern, 0.36 mg per hour in an unveoii. 
lated smoke-filled room, and 0.014 mg 
per hour from average daily exposure, la 
active smokers, the first cigarette of the 
day resulted in absorption of 1.4 mg 
of nicotine. 

NonmeUgnanl Respiratory Effect}. 
The 1983 “State of the Art n review oa 
involuntary smoking (S3) and the 1984 
and the 1966 reports of the Surgeon 
General (45,46) provide comprehensive 
summaries of the literature on respira¬ 
tory ef fleets of involuntary smoking other 
than lung cancer. These publications bane 
concurred in concluding that for children 
passive smoking increases the occurrence 
of lower respiratory illness, particularly 
early in life, and increases the frequency 
of chronic respiratory symptoms. On the 
basis of primarily cross-sectional data, 
the 1984 report of the Surgeon General 

(45) also concluded that the children of 
smoking parents in comparison with 
those of nonsmokers had small reduc¬ 
tions of lung function, but the long-term 
consequents of these changes were re¬ 
garded as unknown. In the 2 yr between 
the 1984 and the 1986 reports, sufficient 
longitudinal evidence accumulated to 
support the conclusion in the 1986 report 

(46) that involuntary smoking reduces the 
rate of lung function growth during child¬ 
hood. Only limited data pertaining to 
adults have been available, and defini¬ 
tive conclusions have not been made for 
adult populations. 

The more recent data on children have 
generally supported the conclusions of 
the earlier review in this journal (53) and 
of the Surgeon General's reports. With 
regard to respiratory illness in infants, 
Pedrelra and colleague (88) prospec¬ 
tively monitored the incidence of lower 
respiratory illness in 1,144 infants fol¬ 
lowed in a pediatric practice. Office visits 
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for tracheitis and bjpnchitis were signif¬ 
icantly more common for infants exposed 
to tobacco smoke at home The effects 
of prena taJ smoke exposure could not be 
separated from those of portoital ex¬ 
posure in previous studies of lower re¬ 
spiratory illness. However, relevant data 
hive been published from 2 populations. 
F'a prospective study in China of 1,058 in¬ 
fants flif nonsmoking mothers demon- 
''that paternal smoking increased 
trtherate of hospitalization for respiratory 
5 •" — during the first 18 months of life 
British cohort study suggested in- 
dependent effects of prenatal and post* 
“ Exposure on lower respiratory >H- 
jperience in early life 
' from 2 large cross-seetforiai irt- 
tions demonstrated an s|sociati 
parental smoking hfib 
r spiiatory illness befogs 
s 92). Ware and associated 
juestionnaire informal 
ihildren, 6 to 9 yr of agljtj 
nient, who were participating i 
yard Air Pollution Health Stud 
aded Smoking by both the tr 
* ' tbff was as sociat ed wit| 
icy of re^pt 5 4 physic 
‘spirator#$itt&s befog 
age The relat^xfcM for t| 
increased progressive^ 
imber of cigarettes smq 
(other at the time of i 
^valence survey of OSS It; 

12 >r of age, parenta 
antly increased the riskof hospi- 
m for a chest illness beforeiyr 
(91). Although recall i * 
ray be inaccurate (93 
that depends upon:, 
habits is unlikely. 

it studies did not sh_ 

luntary smoking on respiratory ill- 
children. Gardner and col- 
monitored 13] infants dur- 
the first year of life for viral infec- 
»,hy serology, cultures, and clinical 
rations, Neither specific infections 
were associated with paten- 
ig habits. The study popula¬ 
tion w»5 small, however, and did not have 
sufficient statistical power to examine ef¬ 
fects in the range of interest. In a study 
based on data from a health maintenance 
wsniiation, Vogt (93) found that house¬ 
hold smoking characteristics did not in¬ 
fluence use of oui patient care services for 

respiratory illness by children. 

New studies have showed that children 
^Pcsed to cigarette smoke in their homes 
*re also at increased risk for middle tar 
iiseast Both acute otitis media (96) and 







persistent middle ear effusions (97-99) 
have been associated with involuntary 
smoking. 

The more recent studies continue to 
indicate increased respiratory symptoms 
in the children of smokers. In the Har¬ 
vard Air Pollution Health Study, smok¬ 
ing by parents increased the frequency 
of cough ar.d wheeze in their children by 
up to about 30% (92). Analysis of data 
from 3,482 nonsmoking children, col¬ 
lected in 1962 to 1965 in Tecumseb. 
Michigan, also indicated more frequent 
respiratory symptoms in the children of 
smokers (100,101). Charlton (102) con¬ 
ducted a survey on cigarette smoking that 
included 15,709 English children 8 to 19 
yr of age. In the nonsmoking children, 
the prevalence of frequent cough was sig¬ 
nificantly higher if either the father or 
the mother smoked, in comparison with 
the prevalence when neither parent 
smoked. 

The findings of the newer studies are 
inconsistent on the relationship between 
passive smoking and wheezing and 
asthma. McConnochie and Roghmann 
(103) assessed predictors of wheeze in a 
retrospective cohort study of children 
who had mild bronchiolitis in infancy and 
of control children without illness. At a 
mean age of 8.3 yr, current exposure to 
tobacco smoke at home was a significant 
predictor of wbeeze (odds ratio ■ 1,9, 
p «■ 0.05). Further analysis of data from 
the control children showed that mater¬ 
nal smoking significantly increased the 
prevalence of wheezing oa follow-up in 
children from families with a history of 
respiratory allergy (10*). In the study of 
children in Tfecumseh, Michigan, paren¬ 
tal smoking war associated with a higher 
prevalence of asthma at the initial exami¬ 
nation and with a doubting of the risk 
for developing asthma during the 15-yr 
follow-up period (100,101). Murray and 
Morrison (105) evaluated 94 asthmatic 
children 7 to 17 yr of age. Level of lung 
function, symptom frequency, and re¬ 
sponsiveness to inhaled histamine were 
adversely affected by maternal smoking. 

in contrast, Tashkin and associates 
(106) examined cross-sectional data from 
children 7 to 17 yr of age in the Los An¬ 
geles area and found no association be¬ 
tween the smoking characteristics within 
the households and the prevalence of 
respiratory symptoms or asthma. In a 
prospective cohort study in New Zealand, 
parental smoking habits were not found 
to affect the incidence of asthma during 
the first 6 yr of life (107). In 1980, Weiss 
and associates (108) reported the results 


of a cross-sectional survey of respiratory 
symptoms in 650 children in Massachu¬ 
setts. The prevalence of persistent wheeze, 
the most common symptom, increased 
significantly withthe number of smoking 
parents but was unrelated to smoking by 
the children themselves. These investiga¬ 
tors subsequently used cold air challenge 
to assess airways responsiveness in a sam¬ 
ple of these children and found that air¬ 
ways reactivity was not related to mater¬ 
nal smoking history (109). 

New studies have further documented 
the adverse effect of parental smoking 
on children's lung function, and longitu¬ 
dinal evidence on the consequences of 
passive smoking during lung growth and 
development was published. In the study 
of children in Tecumseh, Michigan, pa¬ 
rental smoking was associated with re¬ 
duced lung function, as assessed by spi¬ 
rometry (100. 101). The magnitude of 
effect varied with age, sex, and the index 
of exposure to parental smoking. In the 
survey in Los Angeles, maternal smok¬ 
ing was associated with average reduc¬ 
tions of 3 to 8V« for spirometric para¬ 
meters in male subjects (106). The effects 
of paternal smoking were largest in boys 
less than 12 yr of age and were variable 
in girls. Ekwo and coworken (91) found 
significantly greater response to inhaled 
bronchodtittor in the children of cig¬ 
arette smokers, In the Harvard Air Pol¬ 
lution Health Study, the FEV, of chil¬ 
dren whose mothers smoked at the time 
of spirometry was reduced by slightly less 
than H7» of predicted FEV, reduction 
(92). In contrast, Hosein and Corey (110) 
studied 057 children and did not find 
an effect of home exposure to tobacco 
smoke on FEV, level. Lebowiu and col¬ 
leagues (111) also did not find effects of 
parental smoking, but only 271 children 
were included in the study population. 

Based on cross-sectional data from 
children in East Boston, Massachusetts, 
Tager and associates (112) reported in 
1979 that the level of FEFm-,, declined 
with the number of smoking parents in 
the household. In J983, these investiga¬ 
tors provided the results obtained with 
follow-up of these children over a 7-year 
period (113). Using a multivariate tech¬ 
nique, Tiger and associates showed that 
both maternal smoking and active smok¬ 
ing by the child reduced the growth rate 
of the FEV,. The statistical model pre- 
_ dieted effects of maternal smoking that 
’ are of a physiologically important mag¬ 
nitude. Lifelong exposure of a child to 
a smoking mother was estimated to re¬ 
duce growth of the FEV, by 10.7, 9.5, 
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and 7.0^* after 1,2, and S yr of follow¬ 
up, respectively. '* 

Recent longitudinal data from the Har¬ 
vard Air Pollution Health Study also 
showed reduced growth of the FEV, in 
children whose mothers smoked ciga¬ 
rettes (11-*). The growth rate of the FEV, 
front ages 6 through 10 yr was calculated 
f for Tig34 white children. Although all 
\ repn^entations of exposure to parental 
timing were associated with reduced 
^growth rate of the FEV,, only the level 
of maternal smoking in packs per day 
IT attained statistical significance at p < 
O.OJ.Jrrom ages 6 through 10 yr, the 
‘ cal model estimated ifegt FEV, 
rate Is reduced by0.17& D|pjpg|k 
tes smoked daily by tb* : fr.othe:. 
feet was somewhat sthgller tlyrn 
that^orted earlier by Tagef tng«s&- 
h«I 1I3}, although if extn' J i 
yT, a cumulative effect of 2-8J 
Miaed, The 2 sets ofj 
Iso analyzed with noncompi 
niques, and the study popull 
iffering levels of expos; 
ing. 
tel (1C 
f parent 
nchangeS 
seh study, 

19 yT. Inihe female sti 
ed nonsmokers across.* 
od. parental smokings 
sociared with lung function i 
m®#oking males, parental i 
^ceAthe growth of the FEV.FyQ. arid 
although the sample size was 
‘ the effects were 
ignificant. For the FEN 
ialysis estimated 7.4 
ons in 15-yr growth- ass 
|or 2 smoking parents, i 
>e new information 
1e for adults since the previous 
which died data from only 4 
epidemiologic studies. The ratio of hy- 
pstyftoline to creatinine in urine was used 
anese investigators as a marker of 
^(115). In women passively ex- 
i cigarette smoke, this ratio in- 
creased with the extent of daily exposure 
However, in a study in Germany, the 
hydroxyproline to creatinine ratio in non- 









smokers did not vary with pastive smoke 
exposure (116). Moreover, Read and 
Thornton (117) reported that in experi¬ 
mental studies with rats, the hydroxypro- 
line to creatinine ratio actually decreased 
with increasing exposure to smoke. They 
also reported that in humans both hy¬ 
droxyproline and creatinine individually 
increased with increased nicotine absorp¬ 


tion from active smoking in males but 
not in females (117), The ratioofthe two, 
however, was not associated with in¬ 
creased nicotine excretion in either sex. 

The results of several of the more re¬ 
cent epidemiologic studies indicate pos¬ 
sible chronic effects of passive smoking 
on lung function in adults. The results 
of an investigation of 163 nonsmoking 
women in the Nethe rlands suggested ad¬ 
verse effects of tobacco smoke exposure 
in the home (118, 119). Cross-sectional 
analysis of spirometric data collected in 
1982 showed reductions of roost para¬ 
meters is association with tobacco smoke 
exposure in the home, although the ef¬ 
fect was significant only for flows at 
higher lung volumes. In a sample of 
the women, domestic tobacco smoke ex¬ 
posure was not associated with longitu¬ 
dinal decline of lung function during the 
period 1963 to 1982. In baseline data for 
a cohort study in Scotland, respiratory 
symptoms tended to be more prevalent 
in nonsmokers living with smokers in 
comparison to nonsmokers living with 
nonsmokers (120). 

Other studies have not indicated chron¬ 
ic effects of passive tobacco smoke ex¬ 
posure on adult nonsmokers. Jones and 
associates (121) conducted a case-control 
study of 20- to 39-yr-oId nonsmoking 
women in the Tecumseh Community 
Health Study cohort. Subjects from the 
highest and lowest quart lies of the lung 
function distribution had comparable ex¬ 
posure to smokers in the home. Kentner 
and colleagues (122) in a study conducted 
in Germany examined the effects o f pas¬ 
sive and active smoking in 1,351 white 
collar workers. Self-reported exposure to 
environmental tobacco smoke at home 
and at work was not associated with 
reduction of lung function, as assessed 
by spirometry. In a small case-control 
study, marriage to a smoker was not as- 
sodated with excess risk for chronic bron¬ 
chitis (123). 

New experimental and epidemiologic 
studies have not consistently shown acute 
effects of passive smoking on lung func¬ 
tion level in asthmatic and nonasthmatic 
children and adults. As described above, 
Murray and Morrison (105) found lower 
ventilatory function in asthmatic children 
with smoking mothers. In a population 
sample in Tucson, Arizona, Lebowiu 
(124.125) examined the relationship be¬ 
tween passive smoking and daily symp¬ 
tom occurrence and daily level of peak 
flow. Statistically significant effects of 
tobacco smoke exposure were not found 
for either outcome in the 229 children 


and adults, ban experimental study, ).(, I 
chamber exposure or young asthmatic I 
to cigarette smoke did not reduce txpj. 
ratory flow rates and was, in fact, f 0 |. 
lowed by a small decrease in nonspecific 
airways reactivity (126). 

The accumulating evidence since previ- 
ous reviews continues to demonstrate id- 
verse effects of passive smoking on the 
lungs of children. Data from large popu¬ 
lations showed significant effects on lung 
function level and symptom occurrence 
(91, 92, 102,106). Results from follow¬ 
up of the East Boston, the Harvard, and 
the Tecumseh study cohorts (100, 1Q|, 

113, 114) suggested that the effects oq 
lung function should not be dismissed 1 
as clinically insignificant, i 

Important research questions pertain- 1 
ing to passive smoking and the child's i 
lung remain unanswered, however (46. 
127). The mechanisms of injury have not 
been established, and the relative impor. 
tance of exposures in utero, during in¬ 
fancy, and later in childhood has not been 
examined. Nevertheless, the available evi¬ 
dence of adverse effects does provide suf¬ 
ficient rationale for intervention. In con¬ 
trast to the evidence for children, the data 
on adults tie more variable and do not 
yet permit conclusive statemenu concern¬ 
ing passive smoking during adulthood 
and reductions of lung function and in¬ 
creased respiratory symptom occurrence. 

Lung Cancer. In 1981, reports were 
published from Japan (128) and from 
Greece (129) that indicated increased lung 
cancer risk in nonsmoking women mar¬ 
ried to cigarette smokers. Subsequently, 
this controversial association has been ex¬ 
amined in investigations conducted in 
the United States, Scotland, Japan, and 
Hong Kong. The association of involun¬ 
tary smoking with lung cancer derive bi¬ 
ological plausibility from the presence of 
carcinogens in sidestream smoke and the 
lack of a documented threshold dose 
for respiratory carcinogenesis in attire 
smokers (130). Further, mutagenic activ- 
rry can be found in the urine of nonsmok¬ 
ers after passive exposure to tobacco 
smoke (131. 132). 

Time trends of lung cancer mortality 
io nonsmokere have betn examined with 
the rationale that temporally increas¬ 
ing exposure to environmental tobacco 
smoke should be paralleled by increas¬ 
ing mortality rates. Ensirom (133) calcu¬ 
lated nationwide lung cancer mortality 
rates for 1914 to 1968 and concluded that 
a real increase had occurred among non¬ 
smoking males after 1935. However, oc¬ 
cupational and environmental exposures 
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Oddi me oi Us |p > 0.40) tot oembinsd horns md 
•orkptoos ssposu*. No sssocislion «m eumulkin* 
houro ot sspoaurt- 

No DTvftoant 4ftoet* o( txpoagt* hem psrsnts, spouts 
or wOHpiaca in bnokars and nonsmoken. 

NonsigDVsnt odds me ot 1.2S It husband smoksd. 
Signriicandy inetsssad odds rate ot i ll II husband 
smoksd 20 or mots cigsmlst dally a) boms $ig- 
r-nctni sand attt numeat ot ogsrsnss smoksd a 
hems by tt» tktsbsnd. 

Ovsrsl odds ratio tor spouss smoking of 1.1. 


fv tomato-.. Odds me ot 14 R husband smoksd; lor 
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Adyusitd odds rate b nwrtaga to a smoking spouss 
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Mjustsd odds me lor marring* e a smoking spouts 
arts 5J. No onset in actum tmokora. 


ot|if|^*»|environinenLil tobacco smoke 
could explain the apparent mortality rate 
increase in males. Garflnkel (134) did not 
identify similar trends in nonsmoken in 
the Dorn study of male US veterans, 
1954 to 1969, nor in the American Can¬ 
cer Society's study of males and females, 
i960 to 1972. 

Epidemiologists have tested she associ¬ 
ation between lung cancer and involun¬ 
tary smoking using conventional designs', 
ihe case-control and cohort studies. The 
results of both study designs may be af¬ 
fected by inaccurate assessment of ex¬ 


posure to environmental tobacco smoke, 
by inadequate information on personal 
smoking hibiti that leads to classifica¬ 
tion of smokers as nonsmokers, and by 
the misdiagnosis of a cancer at another 
site as primary cancer of the lung. For 
example, in the case-control study re¬ 
ported by Garfinkel and colleagues (135). 
I3*7a of cases originally diagnosed u lung 
cancer were reclassified to other sites 
after histological review and 40*71 of the 
cases initially classified as nonsmoken 
by chan review were found to be smokers 
on interview. The difficulty of accurately 


Trsrtl Hk1 uhr sJ)y signAcsm AS luttciogiM 


Troop strtsbctlty iignihewTl. Hisutogtoa 
ottpr than btonecarcincmt bronchl- 
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not kgnAMro 


At M a t i toa gias. T*c ropon* *rs toconatowm 
on tt* aipoau* vkTSbto. 

GigrofckM locT *s«i tot > *1 pack y*ktt. 
Bronctuokjahaotor evemom* asduOad 

AS hi n o to gi to . Findings nagsin* tor 
■pOuH smoking •atiaal* as kroll. 

Rreiminary, stoat n*no*ro ot cum. 


Wsmcswom and squamous oak 
c a rtinomi only. 

At Mst a togtos. CarohS asetuston ot 
•mokare horn tha caaa group. 
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CiinicaJ or ratfotogie tagm tor «**. Alt 
hMotoga*. 


Msrty lOOto histologic ooofitmiboo Al 
h ui otogis. 

Al t- stoto g M ottot than broochalaahooii/ 
carcinoma. 


estimating exposures with questionnaires 
and descriptions of a spouse’s smoking 
may partly explain the variable findings 
of the published studies. In fart, the va¬ 
lidity and reliability of questionnaires on 
involuntary smoke exposure bave yet to 
be comprehensively evaluated. 

The evidence from the case-control 
and the cohort studies does not uni¬ 
formly indicate increased lung cancer risk 
in persons exposed to environmental to¬ 
bacco smoke, but most of the studies 
indicate increased risk in nonsmokers 
married to smokers (able 5). Hirayama 
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028) conducted a prospective cohort 
study of 91,540 nonsmoking women in 
Japan. Standardized mortality ratios for 
lung cancer increased significantly with 
the amount smoked by the husbands. The 
findings could not be explained by con* 
founding factors and were unchanged 
when follow-up of the study group was 
extended (136). After its publication, this 
/article'yeceived intensive scrutiny, and 
i.cornpjondenct in the British Medical 
Mtttkal raised concerns about statistical 
finethodology, population selection, un- 
fsesjKfikd confounding, and the seem¬ 
ingly high relative risk; in his responses, 
Mirada satisfactorily rebuffed most of 
fth^^itldsms, although be iffiuid. no* 
the possibility of u^n»rced 
; smoking by women eiassifieo'as non- 
*»i©i:et»<147) Based on the samrtohdBg 
’ Hirayama has also reported sig 
standardized mortality# 
|Uu|fl»fcer of 2.1 and 2.3 in no 
liMwith wives smoking 1 
rettes and 20 or more cig 
respectively (136). 

‘ , : Trichopoulos and ( 

(l29} alsdTeponed increased 1 
i coiumdtihfwome 





tors conducted^ *a*c* ontroU. 

» Athens,Ore«e,tKatihciuded« 
li-^agnosis other than adenoct 
or%f^^uoaIveolar carcinoma^ 
ed at a hospital for 
ders. The findings 

changed with expansion of t}ie study 
—*“■(148). ^ ^ 

suits of other subset^ 
se-comrol studies 
depurated statistically signil __ 
*e$*ri<«is between invoiunury^'md 

cancer (135.144,146) ^ 
Tbemdings from the more itcem it-' 
po#%eatly strengthen the evidence 
froe&*be earlier studies. Several of the 
newer studies included relatively large 
of nonsmokers (135,144,145). 
Fu afeam ore. in most of these studies, 
jm§iyn||!y smoking was assessed in 
gre*t6rdetiil than in the earlier reports 
so that exposure-response relationships 
could be more fully examined. 

The results of 2 oiher investigations 
have also been interpreted as showing an 
increased lung cancer risk associated with 
passive smoking, although both have 
methodology limitations. In Germany, 
Knoth and colleagues (149) described a 
series of 59 female lung cancer cases of 
which 39 were in nonsmokers. Based on 
census data, the report by Knoth and col¬ 
leagues projected that a much greater 


than expected proportion of these non- 
smokers had lived in households with 
smokers. This report did not include an 
appropriate comparison series, however, 
and the suitability of substituting census 
data was not addressed by the authors. 
"In another recent report, Gillis and as¬ 
sociates (120) described the preliminary 
results of a cohort study of 16,171 males 
and females in western Scotland; domes¬ 
tic exposure to tobacco smoke increased 
the lung cancer risk for nonsmoking men 
but not for women. The report was based 
on only 16 cases of lung cancer in non- 
smokers, however. 

The results of other Investigations in¬ 
dicate lesser or no effects of exposure to 
environmental tobacco smoke (table 5). 
In these studies, however, confidence 
limits for the relative risks associated with 
marriage to a smoker are wide and over¬ 
lap with the confidence limits in the 
studies with significant results (47), Two 
separate case-control studies in Hong 
Kong, where lung cancer incidence rates 
in females are particularly high, did not 
indicate excess risk from passive smok¬ 
ing (137, 138, 141, 142). In the more re¬ 
cent of the 2 studies, the Questionnaire 
comprehensively assessed cumulative ex¬ 
posure from home and workplace sources 
(141, 142). Let and colleagues (123) re¬ 
ported a hospital-based case-control 
study in England. Although the investi¬ 
gators considered that their findings in¬ 
dicated little or no effect of involuntary 
smoking, the case series was small. 

The results of the American Cancer 
Society's prospective cohort study of mor¬ 
tality in 176,139 nonsmoking women 
have also been construed by many as 
negative (134). However, the standardized 
mortality ratios for the nonsmoking 
women with husbands who smoked were 
greater than unity but not significantly 
greater. Repace (150) has suggested that 
Use mortality ratios in the American Can¬ 
cer Society cohort have been reduced by 
misclassifieition introduced by work¬ 
place exposures, a factor not considered 
in the original analyses. Recent and pre¬ 
liminary results from a nationwide case- 
control study also did not demonstrate 
Increased lung cancer risk from domes¬ 
tic exposure to tobacco smoke (140). In 
another case-control study that was per¬ 
formed in Los Angeles. Wu and col¬ 
leagues (143) did not find significantly 
increased risk for adenocarcinoma as¬ 
sociated with involuntary smoking in 
smoking and nonsmoking women. These 
investigators estimated exposure from pa- 
remal smoking, spouse smoking, and 



workplace sources. The relative risk for 
lung cancer was slightly, but not sigrufi. 
candy, increased by exposure from spouse 

smoking and from smoking by coworken. 

At present, relatively few investigations 
provide data tm the hypothesis that in. 
voluntary smoking is a risk factor for 
lung cancer. The extent of data com ram 
with the more extensive literature cited 
in the 1964 Surgeon General's Report, 
which characterized active cigarette smok¬ 
ing as a cause of lung cancer (151). The 
variability of the data on involuntary 
smoking also contrasts with that on 
active smoking. However, most of the 
studies on involuntary smoking and lung 
cancer have small numbers of cases, and 
confidence intervals for the effect of in. 
voluntary smoking in the various studies 
would overlap. Variation in the results 
of the studies may also reflect random 
and nonrandom errors in the classifi¬ 
cation of exposure to environmental 
tobacco smoke. In fact, the problems of 
dose estimation seem more difficult for 
lung cancer than for other health effects 
of involuntary smoking. The relevant ex¬ 
posures may begin at birth and occur 
under a wide variety of circumstances. 
Thus, some inconsistency of the studies 
would be anticipated. 

In spite of the variable epidemiotogic 
evidence, environmental tobacco smoke 
has been recently characterized as a re¬ 
spiratory carcinogen- The International 
Agency for Research on Cancer of the 
World Health Organization (152) has 
concluded that “passive smoking giv« 
rise to some risk of cancer." The agency 
supported this conclusion in its mono¬ 
graph on tobacco smoking by citing the 
characteristics of sidestream and main¬ 
stream smoke, the absorption of tobacco 
smoke materials during involuntary smok¬ 
ing, and the nature or dose-response rela¬ 
tionships for carcinogenesis. Appropri¬ 
ately, the International Agency for Re¬ 
search on Cancer argued on the basis of 
biological plausibility rather than on the 
basis of epidemiologic evidence. 

The National Research Council (47) 
and the U.S. Surgeon General (46) have 
also concluded that involuntary smok¬ 
ing increases the incidence of lung can¬ 
cer in nonsmokers. In reaching this con¬ 
clusion, the National Research Council 
(47) cited the biological plausibility of 
an association between environmental 
tobacco smoke exposure and lung can¬ 
cer and the supporting epidemiologic evi¬ 
dence. This report carefully considered 
the sources of bias that may have af fected 
the epidemiologic studies. Based on a 
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analysis of thc-epidemiologic data 
[Tji adjustment for bias, the report's 
uthor* concluded that the best estimate 
for ih< excess risk of lung cancer in non- 
.fltokers married to smokers was 25*7,. 

]986 report of the Surgeon General 
f<6) characterized involuntary smoking 
^ tcauseoflung cancer in nonsmokers, 
jjtiis conclusion was based on the eaten- 
; pve information already available on the 
cfcrisogemrity of active smoking, on the 
^riiutive similarities between environ- 
'' bacco smoke and mainstream 
d on the epidemiologic data on 
Involuntary smoking. 

enr of the lung cancg£ hazard 
with involuntary sihok 
Stales remains unc 
53). The epidemlo)o|ic studies 
trying and imprecise fM^suri| 
and dosimetric aspect ; <y{y : «j- 
smoking in the respiratory t 
understood. Risg 
rion procedures have been ujgy 
scribe the lung cancer risk as; 
inrtrfs^tary smoking, but 
lfltfimpBfications must be i 
df|^<thl5metJgA 

Ml Lrwrey §|§|ave recently t 
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ysmok 

esulls of more refined 
/models should be forthcC 
$ Cancers. Recent repop^fest 
Syironmenul tobacco 
ay increase risk of cajfceratrites 
t the lung. One study found thit 
en. maternal exposulWfifvi- 
rcKatehta] tobacco smoke di 
i associated with incf 
o||ra» tumors (155), and 
stuffibatemaJ but not mater 
iiOTmireased the risk of childhood rhab- 
dcfrt^Bswroma (156). Such effects might 
i4se from smoking-induced changes in 
geiiSsfis o f the parents or through crans- 
pUcefttai exposure rather than as ■ di- 
jf smoke inhalation (157,158). 
is, involuntary smoking was 
Jinked to a generally increased risk of 
malignancy and to excess risk at specific 
sites. Miller (159) interviewed surviving 
relatives of 537 deceased nonsmoking 
women in western Pennsylvania concern¬ 
ing the smoking habits of their husbands. 
A significantly increased risk of cancer 
death (odds ratio ■ 1.94, p < 0.05) was 
found in women who were married to 
smo ken and were also not employed out¬ 
side their homes. The large number of 
potential subjects who were not inter¬ 
viewed and the possibility of informa¬ 
tion bias detract from this report. 



Sandler and colleagues { 160 - 162 ) con¬ 
ducted a case-control study on the effects 
of childhood and adulthood exposures 
to environmental tobacco smoke on the 
nsk of cancer. The 518cases included all 
cancers other than basal cell cancer of 
the skin; the cases and the matched con¬ 
trols were between 15 and 59 >r of age. 
For all sites combined, significantly in¬ 
creased risk was found for parental smok¬ 
ing (crude odds ratio ■= t.6) and for mar¬ 
riage to a smoking spouse (crude odds 
ratio * 1.5); the effects of these 2 ex¬ 
posures were independent (162). Signifi¬ 
cant associations were also found for 
some individual sites: for childhood 
exposure (16i), maternal and paternal 
smoking increased the risk of hemato¬ 
poietic malignancy, and for adulthood 
exposure (160), spouse’s smoking in¬ 
creased the risk for cancers of the female 
breast, female genital system, and the en¬ 
docrine system. These findings are pri¬ 
marily hypothesis generating and require 
replication. In a case-control study, such 
as reported by Sandler and colleagues, 
biased information on exposure to en¬ 
vironmental to bacco smoke is of partic¬ 
ular concern. Hirayama (136) has re¬ 
ported significantly increased mortality 
from nasal sinus cancers and from brain 
tumors in nonsmoking women married 
to smokers in the Japanese cohort, in a 
case-control study of bladder cancer, in¬ 
voluntary smoke exposure at home and 
at work did not increase risk (163). 

These associations of involuntary smok¬ 
ing with cancer at diverse nonrespiratory 
sites cannot be readily supported with 
arguments for biological plausibility. In¬ 
creased risks at some of the sites, e.g, can¬ 
cer of the nasal sinus and female breast 
cancer, have not been observed in active 
smokers (130). In fact, the International 
Agency for Research on Cancer has con¬ 
cluded that effects would not be pro¬ 
duced in passive smokers that would not 
be produced to a larger extent in active 
smokers (152). 

Cardiovascular Disease. While exten¬ 
sive data establish active cigarette smok¬ 
ing as a causal risk factor for cardiovas¬ 
cular diseases (164), only a few studies 
have addressed involuntary smoking as 
a risk factor forthese diseases. In the co¬ 
hort of nonsmoking Japanese women, 
Hirayama (165) found a small but statisti¬ 
cally significant increased risk of death 
from ischemic heart disease associated 
with the husband's smoking. Garland 
and associates 066) prospectively de¬ 
termined mortality from ischemic heart 
disease in nonsmoking older women re¬ 
siding in southern California. After ad¬ 


justment for established risk factors, mar¬ 
riage to a smoking spouse was associated 
witha relative risk of 2.7 (p < O.to). GiJJis 
and colleagues (120) assessed the base¬ 
line prevalence of cardiovascular symp¬ 
toms and major electrocardiographic ab¬ 
normalities in a population sample resid- 
ing in Scotland and then determined 
cause-specific mortality for u p vo 10 yr 
of follow-up. In their preliminary report, 
involuntary smoking was not associated 
with the prevalence of cardiovascular 
symptoms at baseline nor with cardio¬ 
vascular mortality on follow-up. A case- 
control study in England did not show 
increased risk for ischemic heart disease 
or for stroke in nonsmokers married to 
smokers (123). 

Toro/ Mortality. Two cohort studies, 
the previously mentioned study in Scot¬ 
land (120) and an investigation of civil 
servants and their spouses in Amsterdam 
(167), provided information on invol¬ 
untary smoking and mortality from all 
causes. In the Scottish study, total mor¬ 
tality was increased for women living with 
a smoker but not for men (120). In con¬ 
trast, mortality was not increased for 
nonsmoking female subjects in the study 
in Amsterdam (167). Neither study directly 
controlled for other factors that influence 
total mortality. 

Summary. The effects of active smok¬ 
ing and the toxicology of cigarette smoke 
have been comprehensively examined. 
When considered in the context of that 
extensive information, the evidence on 
involuntary smoking supports conclu¬ 
sions concerning certain health effects. 
In children, involuntary smoking in¬ 
creases the occurrence of lower respire- 
tory illness during infancy, increases the 
frequency of chronic respiratory symp¬ 
toms, and reduces the level of lung func¬ 
tion. In adults, involuntary smoking is 
a cause of lung cancer, but associations 
with other diseases have not been une¬ 
quivocally established. 


Nitrogen Dioxide 

Introduction. Niiroget) dioxide causes 
lung damage at high concentrations (168, 
169), but effects at levels currently en¬ 
countered in outdoor and indoor air have 
been difficult to characterize. Early stud¬ 
ies focused on the health effects of am¬ 
bient NO, (25). However, in the late 
1970s, investigators recognized that in¬ 
door NO, sources were also contribut¬ 
ing to personal exposure and that indoor 
concentrations often exceeded outdoor 
concentrations in many homes (15). Con¬ 
sequently, more recent studies have em- 
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i»d sources and effects of indoor 
oncentratioos, 

oxt in. Combustion of gas during 
cooking tnd the burning of pilot lights 
releases nitric oxide (NO), NO>, CO, 
CO,, and water. On average, normal use 
of as usvented gas cooking range adds 
25 pans per billion (ppb) of NO, to the 
background concentration in a home 
(170). The increase is greater during cold 
weather when the air exchange rate is usu¬ 
ally reduced. During cooking with a gas 
range, peak levels in the kitchen may 
reach 200 to 400 ppb (10). Therefore, 
measured personal exposures to NO, are 
higher for persons living in homes with 


gas stoves than for persons living in 
homes with dearie stoves (2d, 41,170). 

Exposure to NO, from gas cooking 
stoves and ovens is widespread. About 
50V* of homes in the United States have 
gas cooking appliances; in some urban 
areas, such as Los Angeles, more than 
90Vi of homes are equipped with gas ap¬ 
pliances (171). The potential importance 
of NO, exposure indoors for health is un¬ 
derscored by comparison of the federal 
standard set for ambient air, 50 ppb an¬ 
nual average, with levels measured in 
h omes with gas cooking appliances. Sex¬ 
ton and associates (172) used data gener¬ 
ated by personal, indocr, and outdoor 


monitoring to develop a computer model 
for personal and indoor exposure. The 
model was applied to residents of 6 U-S. 
cities. Although none of the cities expe¬ 
rienced concentrations abovt the federal 
standard in outdoor air, the model pre¬ 
dicted that more than 2JV* of the resi¬ 
dents of homes with gas ranges would 
have annual personal exposures over SO 
ppb if ambient NO, concentrations aver¬ 
aged JO ppb. 

Health Effects. Most studies of the 
relationship between residential exposure 
to NO, and health have focused on re¬ 
spiratory symptoms and illnesses and on 
level of pulmonary function. Experimen- 
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TABLE 1 

EFFfcuil OF OAS COOKING ON LUNG FUNCTION IN CHILDREN 
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prity of these Investigations 
tional surveys of school* 
children (tables 4 and 7). The investiga¬ 
tors generally assessed ament symptom 
ttatus and retrospective illness histories, 
*s obtained by parent-completed ques¬ 
tionnaire, and pulmonary function. Al* 
^gh NO, levels were measured in sev- 
***1 of the investigations (180,181,194), 
^Posure was most often assessed by sim¬ 
ple questions concerning type of fuel 
fced for cooking. Consistent evidence of 
***** respiratory symptoms and illnesses 
* children exposed to gas stoves has not 
demonstrated (table 6 ). 
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Early reports from two cross-sectional 
surveys of schoolchildren in Great Brit¬ 
ain indicated that children from homes 
with gas stoves had a higher prevalence 
of respiratory symptoms than children 
from homes with electric stoves (178, 
179). When one of the survey groups was 
followed longitudinally, however, the rel¬ 
ative risks associated with gas stove use 
became highly variable and tended to de¬ 
crease as the children grew older (179). 
These tame British investigators surveyed 
a third group of 808 schoolchildren, and 
measured NO, concentrations in the 
homes of a small sample (n * 80 or 103). 
The prevalence of respiratory symptoms 
was higher in children from homes where 
gas was used for cooking tod increased 
with higher bedroom NO, concentra¬ 
tions, although both effects were of bor¬ 
derline statistical significance (1B0). A 
similar association between measured 
NO, and respiratory symptoms was not 
replicated, however, when these tame in¬ 
vestigators subsequently studied another 
sample of 183 children (181). IWo pro¬ 
spective studies of infants in Great Brit¬ 
ain also failed to demonstrate an associ¬ 
ation between the use of gas for cooking 
and respiratory illness (182, 183). 

Data on children from the United 
States are similarly inconsistent. TWo 
large cross-sections! studies, one involv¬ 
ing the Harvard Air Pollution Health 
Study (186,187) and the other involving 
schoolchildren in Iowa (91), have demon¬ 
strated that reports of serious respiratory 
illness before 2 yr of age (186, 187) and 
hospitalization for respiratory illness be¬ 
fore 2 yr of age (91) were more common 
among children from homes with gas 
stoves. When the original cohort in the 
Harvard Air Pollution Health Study was 


expanded, however, the odds ratio of 1.23 
for serious respiratory illness before 2 yr 
of age decreased to 1.12 (P * 0.07). la 
the study of Ekwo and associates (91), 
the effect of exposure to a gas stove var¬ 
ied strongly and inconsistently with pa¬ 
rental smoking habits. The effect was ab¬ 
sent in homes where 1 parent smoked, 
largest where both parents smoked, and 
intermediate where neither smoked. This 
pattern of interaction cannot be readily 
interpreted biologically. Schenkcr and 
colleagues (189) found no association be¬ 
tween type of cooking stove and current 
respiratory symptoms or previous illness 
history in a cross-sectional survey of 4,07 1 
schoolchildren in western Pennsylvania. 

The relationship between stove type 
and respiratory illness has also been stud¬ 
ied prospectively. Keller and colleagues 
(184, 185), in a study of 1,952 family 
members of all ages in Ohio, found that 
respire tory illness incidence did not vary 
with stove type. More recently, Berwick 
and coworkers (190) followed 121 chil¬ 
dren for 3 months, 59 from homes with 
kerosene heaters and 62 from homes 
without such heaters. In a preliminary 
analysis of their data, they found that 
hours of beater use, which correlated 
strongly (r - 0.70) with 1-wk integrated 
NO, measurements, was significantly as¬ 
sociated with the occurrence of illness 
lasting for I or more days. 

The data concerned with lung func¬ 
tion level in children are similarly incon¬ 
clusive (uble 7). Of the 4 investigations 
with large sample sires (92,186,192,193). 
2 have demonstrated small but statisti¬ 
cally significant effects of exposure to a 
gas stove (186, 192). In initial cross- 
sectional analysis of data from the Har¬ 
vard Air Pollution Health Study, Sparer 
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i significant effects < 
sion of the follow-up interval, 
stigators assessed determinants 
nonary function growth and found 
of gas stove exposure (U4). 
elbad and associates (192) ana- 
data from the Environmental Pro* 
$3Migency's Community Health En¬ 
vironmental Surveillance System. They 
reported that in girls 9 to 13 yr of age, 
gas stove exposure decreased FEV, « by 
an average of 18 ml after adjustment for 
parental education level and smoking sta¬ 
tus. An effect was not observed In girls 
6 to 8 yr of age nor in boys 6 to 13 yr 
of age. 

In another large cross-sectional study, 
Veda! and colleagues (193) examined the 
effects of stove type on spiromeiric vol¬ 
umes and flow rates in a sample of 3,173 
children ages five to 14 years. With ad¬ 
justment for parental smoking and so- 
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stove was not significantly associated 
with reduced lung function level. 

The effects of gas stove exposure on 
lung function level were assessed in 3 
other investigations, but the sample sizes 
were inadequate for detecting effects of 
the magnitude found in the larger studies. 
Keller and colleagues (184) performed 
spirometry on 1 occasion in a sample of 
the subjects In their surveillance study. 
The data were not reported separately for 
children, and overall there was no effect 
of stove type. In 1 of the cross-sectional 
surveys conducted in England, the inves¬ 
tigators correlated lung function level 
with 1-wk measurements of NO, in the 
kitchen and in the childrens' bedrooms 
(180). With a sample of about 400 chil¬ 
dren, significant effects of NO, were not 
found. Dodge (188) and Ekwo and as¬ 
sociates (91) did not find effects of stove 
type on lung function measures in their 
cross-sectional studies. Hosein and Corey 
(110) examined the influence of 9 indoor 
factors on FEV,.* in US? nonsmoking 
white children from 3 US. towns. They 
preliminarily reported that exposure to 
gas stoves was significantly associated 
with a 0.148-L reduction In FEV, level 
In boys and 0.75-L in girls. 

Only a few investigations provide data 
on acute and chronic effects of NO, ex¬ 
posure indoors on adults (table 8). Pro¬ 
spective studies of acute respiratory ill¬ 
ness occurrence have not demonstrated 
excesses in residents of homes with gas 
stoves (184,185,197). Cigarette smoking 
and chronic respiratory diseases, poten¬ 
tial confounding variables, were not con- 

<M*red in these studies. 
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Signiflcen i—irurinn between gee Mow 
um and incnMod prevdenea el draw 
cough end FMepti, loo FEV./FVC. 
Clerglnel taooeicbon tRw n welgu 
dew and tear fang taebon, (cddt 
rebo » 14 , p - 0 . 04 ), 

Ocm wcoya erWytie (hewed in 
aaaotWtien bMwe*na»r*nt HO, 
aipdaur* and decriMid in moat 
pubnonery Ajncbon mewiUKt Ho 
a aa c n-i a t icn wan bnghudna) oedine in 
pubnonery fcredon. 


Potential chronic effects have also bee® 
examined in populations of adults (ta¬ 
ble 8). Comstock and coworkers (193) 
reported that gas stove use was assocmed 
with a significantly increased prevalence 
of certain chronic respiratory symptoms 
and of ventilatory impairment in non¬ 
smoking men, but not in smoking men 
or in women of either smoking status. 
A subsequent reanalysis limited to the 
never and former smokers showed sig¬ 
nificant increases in chronic cough and 
phlegm and in the prevalence of low 
FEV,/FVC in association with gas stove 
use in both sexes (196). 

In a study of 97 nonsmoking rural 
women from the Netherlands, personal 
exposure estimates were created by com¬ 
bining 1-wk measurements of NO, with 
time-activity information (118). The in¬ 
vestigators demonstrated a cross-sec¬ 
tional association between lung func¬ 
tion level and current NO, exposure but 
failed to show an association between 
retrospectively estimated exposure to 
NO, and longitudinal decline in pulmo¬ 
nary function during the antecedent 17 
yr{194). 

Using a case-control design, Jones tnd 
associates (121) compared cooking fuel 
exposures of 20- to 39-yr-old nonsmok¬ 
ing women in the highest and lowest quar- 
tiles of the lung function distribution 
in the Tecumseh Community Health 
Study. The odds ratio for the effect of 
cooking with gas on lung function level 
was 1.82 (p » 0.076). 

Lebowitz and colleagues (124,198,199) 
have evaluated acute effects of gas stovr 
ttnfuui, on tune function and syttvcioc 
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■j, 229 subjects drawn from 117 Tucson 
vouseboldi. The families were sampled 
j,orn a larger study population to include 
gluons with and without asthma, aller- 
? rti and airway obstruction. During a 
j.yj period, subjects completed symptom 
$grief and monitored their peak flow 
daily. Multivariate analyses indicated ad- 
Ycrce effectsof gas stoves on symptoms 
jnd peak flow rate in asthmatics but not 
^normal subjects (199). However, the 
'inaptitude of the effect is difficult to de- 
wjmipe from the available publications. 
®fi|entiy, Kasuga (200) proposed that 
the urinary hydroxyproline to creatinine 
t a valid and semitiveindicator of 
oage from enWronrhefttaljjollu- 



induding tobacco smc 
xyproline, an amino! 
collagen, is a 
holism; therefore, 
retion reflects an in< 
estniction. 

Itsuki and associates (1 
ducted a cross-sectional 
lchlldren and their 
itboth a summer arte 
®ea^ subjt 
NO, exp&^w with 
'llected einyniomii^ 
pies for evaKjhSbsSf the hy||g$$#line 
tosreatinin? ratio In multiple regression 
ions, passive smokin 
nal NO, were independeh 
t predictors of this i 
(children and adult i 
ms. Distance from a i 
gate for exposure to automg 
was found to be if 
satta£ of the ratio in 
“■ J - nr in schoolchil dren 







luring the summer in 
Sear relationship was 
.■tween the value of the ratio and the 
^gptint of passive exposure to tobacco 
ftmoke. Other studies, however, have not 
relationships of the bydroxypro- 
,to creatinine ratio with other pas- 
osure to tobacco smoke (116) or 
live smoking (117). Although the 
hydroxyproline to creatinine ratio could 
serve as a useful biochemical indicator 
of lung injury by NOi exposure, further 
investigations are needed to clarify am¬ 
biguities in the available data. 

Definitive statements concerning the 
risk of NOj exposure from cooking with 
gas stoves cannot be made at present. Al¬ 
though many studies have examined re¬ 
spiratory illnesses, respiratory symptoms, 
and lung function incbildrenandad ults, 
their results are not consistent and are 
not adequate for establishing a causal 
Retrosoective illness histo¬ 


ries may be inaccurate and their results 
biased by whether the subjects have symp¬ 
toms or illness at the time of interview 
(93). Variations in the characteristics of 
the study populations and differing end¬ 
points may partly explain the di fferencts 
among the studies. Confidence limits 
have not been uniformly presented in the 
studies on gas stoves, and the results of 
many of the mailer studies that have 
been judged as negative are probably 
consistent with the larger studies that 
show small effects. 

Unfortunately, NO, exposures were 
directly measured in only a few investi¬ 
gations (180. 181.191.194), and in all of 
these the measurements spanned at most 
2-wk periods. In the other studies, cate¬ 
gorical variables, indicating gas or elec¬ 
tric stove use, were employed. However, 
neither limited area measurements nor 
variables for stove type tightly predict ac¬ 
tual personal exposure (170), Thus, the 
results of all investigations of the health 
effects of NO, exposure from gas stoves 
are affected by tan dom misdassification. 
This type of bias reduces the magnitude 
of the observed association from the 
value that would be found if the exposure 
of subjecu was correal) estimated (25). 
Ozkoynak and associates (202) haw; shown 
that misclassifieation introduced by the 
use of a categorical variable for stove type 
may introduce substantial underestima¬ 
tion of the true relative risk values as¬ 
sociated with the actual NOi exposure. 

Bias from inadequate control of con¬ 
founding factors must also be consid¬ 
ered in interpreting the foregoing studies 
(203), Confounding occurs when the ef¬ 
fect of 1 variable on tbe outcome of in¬ 
terest has not been separated from the 
effects of other variables. For example, 
maternal smoking has been associated 
with reduced lung function level in chil¬ 
dren. Confounding by maternal smok¬ 
ing could arise in a particular study if 
mothers of infants living in homes with 
gas stoves were more likely to smoke. 
With regard to NO, exposure from gas 
stoves and effects on respiratory illnesses 
and symptoms, and pulmonary function 
in children, the potential confounding 
variables include parental smoking, so- 
cioeconomic status, and asthma. Active 
smoking, occupational exposures, and 
the presence of chronic respiratory dis¬ 
eases should also be const dered in adults. 
Control of these potentially confound¬ 
ing factors has been variable among pub¬ 
lished studies (203), and in some studies 
socioeconomic status has been treated as 
a confounding factor. However, the ef¬ 
fect of socioeconomic status represents 


a summation of the effects of associat¬ 
ed environmental and familial factors, 
one of which m«y be gas stove exposure. 
Thus, control for socioeconomic sutus 
may reduce the likelihood of finding an 
effect of gas stove exposure. 

Summary. The findings o D NO, ex¬ 
posure and respiratory illnesses indicate 
that the magnitude of the NO, effect at 
concentrations encountered in most U.S. 
homes is likely to be small. Groups with 
particularly high exposures, such as the 
urban poor who heat with ovens and 
those who heat their homes with kero¬ 
sene or gas space heaters, have not yet 
been adequately investigated. The evi- 
d euce on respiratory symptoms and Sung 
function level in children and adults is 
also inconclusive. However, because mote 
than half ofU.S. homes have gas cook¬ 
ing stoves and childhood respiratory ill¬ 
ness is extremely common, even a small 
effect of gas stoves would assume public 
health importance. In order to detea as¬ 
sociations of the anticipated small mag¬ 
nitude, future investigations should em¬ 
ploy direct measurement of exposure, 
rather than surrogate variables. Infants 
and other potentially susceptible groups 
seem the most suitable populations foi 
itudy. Nevertheless, the epidemiologic 
evidence implies that clinically relevant 
effects of NO, from gas stoves are un¬ 
common at the concentrations found ii 
most U.S homes. 

Carbon Won oxide 

Introduction. Carbon monoxide is aj 
odorless, colorless gas with well-char 
actcrued effects on oxygen irampor 
(204). Carbon monoxide interferes will 
oxygen transport by avidly binding to be 
moglobtn to form carboxyhemoglobii 
and by shifting the oxyhemoglobin dis 
tociation curve to tbe left. It also bind 
to myoglobin, but the physiologic sig 
nificance of the formation of CO-myo 
globin has not been established (20S) 
Carboxyhetnogiobin reduces oxygen de 
livery to tissues, as does the hypoxia o 
altitude. Tissues with the highest ox) 
gen needs, myocardium, brain, and ex 
excising muscle, are most affected b 
tbe formation of carboxyhemoglobii 
Research on the health effects of lowt 
levels of carbon monoxide exposure ha 
emphasised consequences for these ot 
gans, particularly in subjects with di: 
eases that make these organs vulnerebl 
to reduced oxygen transport. 

Exposure. Carbon monoxide has nun 
erous sources in the home, the office, an 
other environments. In the home, emi 
sions from gas appliances and cigarr 
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smote, and from vehicles in attacheu 
garages may elevate CO levels. DuriDg 
cooking with a gas range, hourly CO con* 
cent rations typically range from 2 to 6 
ppm and I-h averages may exceed 12 ppm 
in conventional homes (28). One-hour 
CO concentrations in small apartments 
may teach twice the values in single- 
family residences. Use of gas stove for 
hgaungKj common practice among ur¬ 
ban pooriin northern climates, may in- 
aca&Q&conccDtmions to 25 to 50 ppm 
( 28 pTtgarette smoking is generally a 
nor source of CO in homes (64). Other 

_i>n sources in homes are kero- 

sine and gas space heaters (201-209). 
t monoxide exposure rqay also 
I in vehicles, particularly ’ 
t« are available for 
|0). During urban commutir 
i cars may average 2 tt 
the condfirations generally me 

offices and by ambient atrl 
.(211-213). Offices may;' 

I by vehicle exhaust 
building design problems; high I 
els taayjesult (214). 

Hta0$'Effects. Most evidenc 

tO ; dMtnonoxig^gener 

been derived frost experiment 

i This line of investigafibn I 
, disease states that ^ 
iilty to reductions of o* 
s coronary artery dis 
riphiP^LSCuIar disease, and cl 
Structve pulmonary disease (2&4i -2l3,. 
216)^!B^le the evidence was once con-| 
sidep^indicate advene effec^K^’ 
at h^U in affected person*, much, 
of the data is now controvert. 

the health effects o% 
els overexposure are controvci 
probh^tof CO poisoning by indoor com- 
bustj^tyburces has been well described 
and ilfdjmensions should be recognized 
by cftj&yms. The clinical manifestations 
of C^potsoning primarily reflect the ef- 
fectS^rTraduced oxygen transport to or- 
gansii jsch'aj the heart and brain, with 
high oxygen demand. The neurologic 
manifestations range from impaired 
mentation and behavioral alterations 
to coma (217,218). Delayed and persis¬ 
tent neurologic sequelae may follow CO 
poisoning (218). Cardiac effects include 
arrhythmias and myocardial infarction 
(2H). 

The nonspecifidty and diversity of the 
manifestations of CO poisoning have 
been emphasized (217). In fact, the di¬ 
agnosis of CO poisoning is frequently 





delayed while alternative diagnoses are 
considered. In a series from France, the 
most common misdiagnoses were food 
poisoning, psychiatric disorders, cere¬ 
brovascular disease, intoxication, and 
heart disease (219). The finding of reti¬ 
nal hemorrhages on fundoscopic exami¬ 
nation should alert the clinician to pos¬ 
sible CO poisoning (220, 221). Kelly 
and Sophocleus (220) reported ]2 cases 
of subacute CO poisoning; retinal hem¬ 
orrhages were found in each of the 5 
patients exposed more than 12 h. The 
incidence of CO poisoning may rise 
with increased use of space heaters and 
woodstoves. 

Summary. Carbon monoxide poison¬ 
ing is a well-documented clinical entity 
that follows exposure to high levels of 
CO. Effects of the lower levels of CO ex¬ 
posure generally encountered in indoor 
environments are controversial at present. 

Woodsmoke 

Introduction. Since the 1973 oil embargo, 
there has been a resurgence of residen¬ 
tial wood use in the United States. Dur¬ 
ing the decade of the 1970s, the shipment 
of woodstoves increased 10-fold and the 
current inventory of woodstoves is es¬ 
timated to exceed 11 million (222). Res¬ 
idential woodburning typically occurs 
under oxygen-siarvtd conditions that 
increase emission rates for CO, respir¬ 
able particulates, and polycyclic aromat¬ 
ic hydrocarbons. In many communities 
where wood burning is common, ambient 
concentrations of these pollutants have 
increased as a result (223). The use of fire¬ 
places and stoves may potentially result 
in increased indoor concentrations of 
smoke components by reentrainment of 
outdoor air or by direct leakage into in¬ 
door air. 

Exposure. Few assessments of the im¬ 
pact of woodbuming stoves and fire¬ 
places on indoor air quality have been 
performed- Limited evidence suggests 
that the rate of pollutant emissions from 
a wood-burning source depends primar¬ 
ily on the degree of air-tightness of the 
source. Under proper operating condi¬ 
tions the newer “airtight" residential 
woodstove is under negative pressure and 
should not leak combustion by-products 
into the home- However, under non-air- 
tight operations and during startup, stok¬ 
ing. and reloading, pollutants can be 
emitted indoors. TVaynor and colleagues 
(224) reported indoor CO concentrations 
of 0.4 to 2.8 ppm during operation of 
“airtight" stoves, whereas average levels 
of 1.8 to 14 ppm occurred during opera- 


a*atn. tUMaurr. aw voua 

tion of “non-airtight" stoves. For sub- 
micron sized particles, indoor concentra¬ 
tions were slightly above background 
(zero to 30 Mg/m’) during the use of “air- 
tight" Stoves and substantially higher witi 
the “non-airtight" stoves {200 to 1,900 
pg/m*). Indoor concentrations of 5 poly, 
cyclic aromatic hydrocarbons greatly ex- 
cceded outdoor levels when the “non- 
airtight” stove was used (224). 

These results are consistent with the 
findings of a study of personal exposures 
to respirable particulates in a rural com- 
munity with substantial woodbuming for 
winter heating (225). Analysis of respira¬ 
ble particulate data collected over 7 days 
of sampling in 24 homes in Waterbury, 
Vermont, tuggsted that homes with air¬ 
tight woodbuming stoves have about 4 
Mg/m 1 higher indoor concentrations thin 
do the homes without woodbuming 
stoves (225). The elemental composition 
of indoor and outdoor particles was ex¬ 
amined for 5 of these homes. Using the 
elements as tracers for wood, automo¬ 
bile exhaust, and other sources of parti¬ 
cles, as well as for measuring penetration 
of ambient air, the investigators con¬ 
firmed that the increased indoor pani¬ 
cle levels were due to woodbuming. 

Elevated concentrations of pollutants 
may also be caused by woodbuming in 
fireplaces. Moschandreas and colleagues 
(63, 226) reponed benzo(a)pyrene and 
respirable particulate levels indoors and 
outdoors from a series of measurements 
made in 3 homes, 2 with fireplaces and 
the third with a woodstove. The outdoor 
concentrations of benzo(a)pyrene rarely 
exceeded 1 ng/m 1 . The indoor benzo(a)- 
pyrene concentrations were substantially 
higher than outdoors on days when the 
woodstove was used, averaging 4.7 ng/m’ 
indoors. Benzo(a)pyrene was only meas¬ 
ured on 1 woodbuming day for 1 home 
with a fireplace. On this day, the in¬ 
tegrated particle samples indoors ex¬ 
ceeded U ng/m 1 ben 20 (a)pyTtne. while 
those outdoors were less than O.S ng/tn 1 . 
Respirable particulates were also elevated 
in all 3 residences on woodbuming diys. 
Levels ranged from 14.3 to 72.5 ug/m* 
in the home with the woodstove, and were 
159.9and 67.6 ug/m’ on I woodbuming 
day in each of the homo with t fireplace. 
The investigators concluded that wood- 
burning in a stove or a fireplace may be 
an important source of indoor polludon. 

In summary, airtight woodstoves con¬ 
tribute relatively low concentrations of 
particulates, CO, and polyaromatic hy¬ 
drocarbons to the indoor environment. 
Woodbuming in fireplaces and non- 
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airtight woodstoves may lead to substan¬ 
tially higher levels of these pollutants. 
Nonetheless, woodsmoke is a complex 
mixture and only a few of its components 
have been measured in homes. For ex* 
ample, measurementsofaldehydes such 
as ecroleih have not been performed dur¬ 
ing residential woodbuming. However, 
the characteristic smell of woodbuming 
in staves and fireplaces indicates that 
/ odorous compounds, some of which are 
kmo stJlkelv aldehydes, are released by 
corhbustion of wood. Further assessment 
f of the impact of woodbuming on indoor 
alt quality Is needed to describe fully the 
kiange of contaminants produced and 
Jncentiations under dj 
; of operation and 
|rh Effects. Limited 
fied concerning the hei 
. atial wood combustii 
experiments demonstrate t 
. from * woodr.ove induce sit 
ge(227)andaremuta 
the Ames SaImoi 
(228). Using a rabbit model 
ires (229) studied th 
ke on pulmonary 
orted thaumoke 
l/oomparil on . w ih eo: 
ficanthrmdre cells 








fiacrophages exhibite 
nee, phagocytic rat| 

Iptakt Macrophage viabD 
^dal processing were no. 
nd coworkers (230) evffuaraltbe 
of guinea pigs to wbodsmqke 
a ted CO, challenges. Aftcij 
^respiratory I 

r response to t 

1, These effects weriPtfiasHaii 
If recovery occurred witj 
'’a few epidemiologic 1 

effecu of woodsmoke have 
beer.performed. Studies from less devel¬ 
oped countries indicate an association 
between intense smoke exposure in dwtU- 

S hronic pulmonary disease. In 
-house survey of adults more 
of age in Nepal, Pandey (231) 
found that chronic bronchitis was equally 
prevalent in men and women, affecting 
16.9ft, in contrast to the male prepon¬ 
derance usually observed. Further anal¬ 
ysis of the data demonstrated an associ¬ 
ation between prevalence rates for chron¬ 
ic bronchitis and domestic smoke exposure 
as measured by the number of hours 
spent daily near the stove (232). Pandey 
and colleagues (23 3) s ubsequemly evalu¬ 
ated respiratory function of ISO women 
ages 30 to 44 yr from 2 rural villages in 


Nepal. In cigarette smokers, spirometric 
test results worsened as reported hours 
of smoke exposure increased, but a simi¬ 
lar effect was not present in nonsmokers. 

Master (234) randomly selected 94 New 
Guinea residents for a health evaluation 
that included a complete history and 
physical examination. The prevalence of 
clinical symptoms or abnormal pulmo¬ 
nary findings was extremely high at all 
ages; 907* of subjects 40 yr of age and 
older were affeaed. Although Master 
collected only descriptive clinical data 
and no information on exposures, he at¬ 
tributed the high prevalence of abnor¬ 
malities to domestic smoke exposure. 
Based on the findings of a cross-sectional 
study, Anderson (235) has also suggested 
that woodsmoke exposure contributes to 
ibe development of chronic lung disease 
in adults in New Guinea. 

Respiratory effects of woodsmoke have 
also been examined in children from 
less developed countries. Anderson (236) 
conducted a cross-sectional study and a 
longitudinal study to assess the effects 
of woodsmoke pollution on children in 
New Guinea. He evaluated 1,650 children 
drawn from 2 contrasting communities. 

1 at sea level where wood was not burned 
and ] in the highlands where wood was 
commonly burned. The 2 groups did not 
differ on spirometric testing, physical ex¬ 
amination, or clinical history. He also fol¬ 
lowed 112 children with differing levels 
of woodsmoke exposure and did not find 
a consistent relationship between ex¬ 
posure and respiratory abnormalities 
during a 30-wk surveillance period, la 
contrast, Kossove (237) reported that 
Zulu infants less than 13 months of age 
with severe lower respiratory tract dis¬ 
eases were twice as likely to have a his¬ 
tory of daily heavy smoke exposure as 
were infants without such disease. 

Although these studies implicate do¬ 
mestic smoke exposure as a risk factor 
for the development of respiratory dis¬ 
ease in less developed nations, their 
results should not be generalized to more 
developed nations. The exposures are 
orders of magnitude lower on average in 
more developed countries than in less de¬ 
veloped countries. Zn the less developed 
countries, low efficiency stoves are used 
for long periods of time in small huts with 
poor ventilation, and agricultural waste 
and dung are often used as fuel (238). 
These conditions may lead to particulate 
and benzo(a)pyrene levels that are 10 to 
100 times higher than those found in US. 
homes with woodbuming stoves (239). 

Data on health effects of residential 


wood combustion in the United States 
are sparse. In a care report, Honicky and 
colleagues (240) described an infant with 
recurrent hospitalizations for severe lower 
respiratory tract disease characterized by 
wheeze and pneumonia. The child im¬ 
proved when hospitalized and then re¬ 
lapsed within 12 b after returning home 
After the parents removed their wood* 
stove, the child’s illnesses ceased. This 
case prompted the investigators to con¬ 
duct a prevalence study of respiratory 
symptoms in 62 children in Michigan, 31 
from homes with and 31 from homes 
without woodbuming stoves (241). Using 
a standardized questionnaire, interview¬ 
ers asked parents about their children's 
respiratory symptoms during the pre¬ 
vious winter. Symptoms were classified 
as present or absent and as mild, moder¬ 
ate, or severe. The proportion of children 
with moderate or severe symptoms was 
much greater in the group from homes 
with woods; oves: 84 1 of children in this 
group reported at least 1 severe symptom 
as compared to 37* of the control group. 
Parental smoking and socioeconomic 
tutus were similar In both groups. 

In a study of similar design in Mas- 
tachusetts. Tut hill (242) retrospectively 
ascertained episodes of acute respiratory 
illnesses from January through March 
from 399 parents of school-age children. 
In contrast to Honicky’s results, use of 
a woodburning stove was not associated 
with chronic respiratory disease, symp¬ 
toms such as fever, sore throat, rhinitis, 
cough and wheeze, or excess (more than 
1) respiratory illness. Differences in study 
populations, type of wood burned or 
ascertainment of illness may explain the 
conflicting results of these studies. 

Another potential hazard of wood- 
burning stoves is illustrated by a recent 
case report of a Wisconsin family that 
experienced arsenic poisoning (243). 
Over a 3-yr period, the family displayed 
a variety of symptoms ranging from 
rashes and muscle cramps to seizures and 
loss of consciousness. An environmen¬ 
tal evaluation of their house revealed that 
they were burning plywood treated with 

a chromium-copper-arsenate mixture in 
their stove. 

Summary. Woodsmoke it a complex 
mixture of gases and particles tbit has 
a wide range of potential respiratory ef¬ 
fects. The unconfirmed observations of 
Honicky and colleagues (241) that wood¬ 
smoke causes acme respiratory illnesses 
and symptoms in US. children require 
further study. Investigations in less de¬ 
veloped countries suggest that domestic 
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smoke exposure contributes to the devel¬ 
opment of chronic lung disease This im¬ 
portant hypothesis cannot be tested with 
sufficient sensitivity in most populations 


in the United States but should be pur¬ 
sued in appropriate locales. Recurrent se¬ 
vere respiratory disease with no underly¬ 
ing causes in an infant should prompt 
the clinician to determine whether a 
^woodRtove is present in the home. In these 
: situations, a therapeutic trial of discon- 
: iinasns iu use seems wamnted. 



Addtndum 

, ~ ~ „.*^t987, several new sources of inform- 
“ tion on .indoor air pollution and health have 
Iblished. The 4th International Con- 
on tndoor Air Quality an'd-QriWtie 
in August 1987. The b 
i were published by the Institute foFWator. Soil 
in Berlin (mailj&g address: 
: Institur^fir Wasser-, Bodtn-undlajft|y|>tr.e 

^M^ gttu,,<Iheiu * mus -' 

Berlin M). The U.S. Envttpimie 
' on Agency report •‘EPAJi* 
lityImplementation Plan’d 
dices provide i comprebeniivc 
ton environmental 
Cancer Risk from 
t to'Radon Dauifetm,’ Pu 
Rtenutio 

ielojjp^f rotection,a^ie repoi 

WgSIMeS 

tierces. 
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This bpok provides Vcdmprthd«#ii8je^ew of the rapidly enlarging evidence on 
air quality and health. for this material continues to grow as 

1fcgg$#len$ions of the indoor air quafity problem become more and more apparent 
JSp isguei surrounding indoor aiygp&y are diverse, and the large numbers of 
Wpfl tsts involved tn the nsea^^bud$ epidemiologists, risk assessors, capons 
jftair'Fiomtonng. microbiolog^^.epgineers. and psychologists. As the hazards 
p$$gd&y indoor air pollution have been recognized, she evidence on adverse health 
has become increasing||^^j^t for physicians and other health cirt 
oroyi^rs. The dominant contributions pf indoor sources to the total personal 
esfjiSSyrei for some pollutants the subject importance for local, state. 

ISPialeral regulators. indoor air pollution have also been the 

..^ Impact of indoor air quality problems on property values and sales has been 
Veli .demenstrated in (he case of radon: it is likely that documenutton of adequate 
jpoor atr quality for radon and other pollutants may eventually be required at the 
fcfwyif sale of all properties. Such a requirement will bring builders, real estate 
-t * pen ons, and homeowners into the audience for information on indoor air 
$«mfr& During the lastrwo decades, outbreaks of illness related to work environ- 
p&t&k&tkijer than industrial settings have been reported with increasing frequency, 
these outbreaks, often referred to as the "sick-buildmg syndrome" or "tight- 
building syndrome." have added the building operator and the employer to the list 
of those who should be concerned about indoor air quality. 

A single volume cannot address the needs of so diverse an audience . The intent 
of this book is to provide a review for the heilih-onented readership, and for 
policymakers, engineers, and lawyers. Unfortunately, the book will not serve the 
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relatively small group of researchers who are directly involved with indoor jir 
quality problems. 

The sintcture of this book reflects the complexity of the problem of indoor an 
quality The book begins with x perspective on outdoor and indoor air quaht\ 
Subsequent chapters address the sources of indoor air pollution, the levels of 
pollution in homes, the assessment of indoor air quality, and the operanng charac¬ 
teristics of buildings, The major topic of the book is the health effects of indoor 
pollutants. Pollutants that are specifically considered include carbon monoxide, 
formaldehyde, other volatile organic compounds, environmental tobacco smoke, 
nitrogen dioxide, radon, and wood smoke. The efTccis of biologic agents are 
considered separately and include infectious agents and those agents that cause 
disease through immunologic mechanisms. Building-related illnesses are also 
considered in a separate chapter. The topical problem of indoor asbesios is covered 
in Chapter 2. but she health nsks do noi receive separate treatment The occupa¬ 
tional hazards of asbestos have been amply described, and direct evidence on the 
health risks of indoor asbesios is unavailable. The remaining chapters or the book 
address such other important dimensions of indoor air quality .s the control of 
pollution and its legal aspects. Policy on indoor air is considered in the introduc¬ 
tory chapter. 



i Preface 


http://legacy.library.ucsf.ed8AifliMiQi^DMfsdiS/w.industrydocuments. ucsf.edu/docs/qjgl0001 


52434 3104 




«ti£* on * inj «£ an inv ip n: 

American Review g[.£fjjpiriircr( Diiea. 
indoor fir poll^ioniwl acceptwPliiP 
^IPPP^vi we had anticipated. Navcahe 
v^gp^pleted the review, whielPwafp 
1ft®- Discussions with Zoltan AnnwSjl 
ibtjtjkifor the Johns Hopkins SdjUia&J 

a g the preparation of this^go^v 
icies, the availability of which 

S pport from the Nation^sJftto&i 
enta! Protection AgenlyfiSeT: 
if National Health and|§§3f^ 
Ttpamn^i M. Samet was funded by t|e I 
ISakus*. and the National Heart. lisP* 


t from Reuben M. Chemiack. editor of the 
•ase, to prepare a "state-of-an" review on 
P«Piick!y discovered that the task was far 
teios. with our colleague Marian Marbury. 
published in December 1987 and January 
#*o an invitation to expand the review into 
liE^vironmental Toxicology, 
we both had support from numerous fund- 
h facilitated our work. John D. Spengter 
Ulteof Environmental Health Sciences, the 
Electric Power Research Institute, the De- 
jgs^anada. and the Gas Research Institute. 

: Department of Energy, the Health Effects 


liS^ipe. and the National Hean. ISsPSSI Blood Instituie. Pontons of Chapters 2. 
6 .2i|^IO.and 15, in an earlier form, originally appeared in the American Revievof 
Rgsgiiwcry Disease *n4 vt reprinted with permission from ARRD 1987. Volume 
ljp^irid ARRD 1988. Volume 137. Portions of Chapter 6. in an earlier form. 
pbjw»|y appeared in the Annals of Sports Medicine* (1988). Portions of Chapter 
ah earlier form, originally appeared in the Journal of the National Career 
l&m (1989). Chapter 17 is being published simultaneously in Indoor Air 
f^S&ISKSi^V Complete Resource Guide, by the Bureau of National Affairs. Inc. 

The contributions of many people were needed to complete this book. The 
authors worked hard in preparing their chapters and in revising them after review. 
Rebecca Mosher worked tirelessly in entering the material and preparing illustra¬ 
tions. Dorothy Warner also worked on the volume. Lee Fernando kepi everyone 
organized. Rita Elliott edited the volume. Herdiligencc tn assuring that the volume 
was readable and that the material was correct deserves special thanks. Wendy 
Harris remained supportive throughout preparation of the manuscript. 
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e toxicologic, expert; 

1950s. have establish; 
cause of morbidity and ml 
. Education, and Welfi 

iervices (DHHSJ 1989)1 



ins epidemiologic data, largely collected 
ve cigarette smoking is the major pre- 
,ty in the United States (U.S. Department 
| ] 979: U.S. Department of Health and 
gently, involuntary exposure to tobacco 


s been investigated as i ywlt feewr for disease and also found to be a cause 
Intable morbidity and mortality ih nonsmokers. The 1986 report of the 



:entraJ on smoking an; 
Research Council (Nl 
iewcd the data on in 
that involuntary smo! 
haptcr will summarise 



.S. DHHS 1986) and a report by Ihe 
also published in 1986, comprthen- 
posure to tobacco smoke: both reports 
cause of disease in nonsmokers. 

-ging evidence on the health effects of 
exposure to tobacco smoke. To date, research on involuntary smoking 
on respiratory effects although recent investigations have examined 
iatjons with diverse conditions including nonresptratory cancers, ischemic 
ase. age at menopause, sudden infant death syndrome, and birth weight 


EXPOSURE TO ENVIRONMENTAL TOBACCO SMOKE 


CHARACTERISTICS OF environmental tobacco smoke 
Nonsmokers inhale environmental tobacco smoke (ETS). the combination of 
ihe sidestream smoke that is released from the cigarette's burning end with the 
htainstrtam smoke exhaled by Ihe active smoker (First 1985). The inhalation of 
ETS i$ generally referred to as passive smoking or involuntary smoking. The 
exposures of involuntary and active smoking differ quantitatively and. to some 
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Table 6.1 Established md RoieftliaJ HcalLh 
Effects of InvoJunuo Exposure 
to Tobiico Smoke 



Established 

IfKhcjjcd lower rtipintory inlccticxu ui children 
Increiicd respiniiory symptom! in etuJdren 
Reduced lunj jrowtfi in children 
Increased lunj canctr riii m norumokett 
Imtiuoo of the eye!, how. throat, and lower m- 
pintory tract 
Potential 

Incitued respiratory symptoms in adults 
Reduced lung function in adults 
Increased nU for asthma 
Exacerbation of asthma 
Increased mk for cardiovascular d:lease 
Increased risk f of oonmpiwory cancers 
Earlier age at menopause 
Increased risk, for sudden infaM death 
Reduced birth weight 


extern, qualitatively (NRC 1981. 1986a; Sterling and Kobayashi 1982; U.S. 
DHHS 1984, 1986). Because of the lower temperature in the burning cone of the 
smoldering cigarette, most partial pyrolysis products are enriched in sidestream as 
compared with mainstream smoke. Consequently, sidestream smoke has higher 
concentrations of some toxic and carcinogenic substances than mainstream smoke 
does: however, dilution by room air markedly reduces the concentrations inhaled 
by the involuntary smoker in comparison with those inhaled by the active smoker. 
Nevertheless, involuntary smoking is accompanied by exposure to many of the 
toxic agents generated by tobacco combustion (NRC 1981. 1986a; Sterling and 
Kobayashi 1982: U.S. DHHS 1984. 1986). 

ENVIRONMENTAL TOBACCO SMOKE CONCENTRATIONS 

Tobacco smoke is a complex mixture of gases and panicles which contains 
myriad chemical species <U.S. DHEW 19T9; U.S. DHHS 1984). Not surprisingly, 
tobacco smoking in indoor environments increases levels of respirable panicles, 
nicotine, polycyclic aromatic hydrocarbons, carbon monoxide (CO), acrolein, 
nitrogen dioxide (NO.), and many other substances (Table 6.2). The extent of (he 
increase in concentration varies with the number of smokers, the intensity of 
smoking, the ventilation rate of the indoor space, and the use of air cleaning 
devices. Several components of cigarette smoke have been measured in indoor 
environments as markers of the contribution of tobacco combustion to indoor air 
pollution. Panicles have been measured most often because both sidestream and 
mainstream smoke contain high concentrations of particles in the respirable size 
range (NRC 1986a; U.S. DHHS 1986). Panicles are a nonspecific marker of 
tobacco smoke contamination, however, because numerous sources other than 

J 32 J. M. Samel. W S. Cain, and B P- Uaderer 
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table 6.2 Selected Studies of Tobacco Smoke Component Concentration: 
in Various Environments 


mm *i. (1970) 

Bad* rial (197!) 

mmmwy 


It and Parker 




imokert--^"' 
New Jerw!.y.:N>ffl 


Chappdl and Farter 
(1977) 

f First 0973) 
First 09731 
|«al. U9M) 
i Fischer 

JUSMlff «« «J- 0981)' 



Restaurant ; 

Catttena T ' 

| Office 

i 

Ret!Ck^^^%i^cr 
Residence. cltersjjle 

ciganeTte smekin'i 


Component 


Mean Coocencranon 

0.19 m|'m’ 

0.11 tnjrm’ 

16 ut'm*. ovemifht 

1,9 ujrm 1 . ovemijni 

2.3 ppm. 2- to S-mm sam¬ 
ple' 

13.0 ppm, 2- to 3’min 
samples 

5.2 n|im\ J.S-fc aampiei 

6.3 pf'm 1 . 2.5-h samples 

36 * ui'm* 

2S ppp 

331 (ij'm 1 , 13-min sample 
202 pjrm 1 . 20-mm sample 
33* |s|tm’. 26-min sample 
70 ul'm’. 2*-H sample 

37 ui’m 1 . 2<-h sample 
3.< ul'm'. l*-b simple 

0,3 ujtm 1 . )*-h sample 


K combustion add particles to indoor air. Studies of levels of ET5 compo- 
ive.been conducted l^^^wblic buildings: fewer studies have been 
*WSSi^ted in the home and ol jcd^ iytfgnrocnts (NRC 1986a; U.S. DHHS 1986). 
%i§Pr contribution of vario^a&wBhmenls to personal exposure to tobacco 
.BS&fce varies with the time-activity pattern, the distribution of time spent in 
locations. Time-activity patterns may heavily weight exposures in partic- 
^2ar environments for certain groups of individuals. For example, exposure in the 
j&mgiprr dominates for infants who do not attend day-care (Harlot et al. 1987). For 
Mfeks residing with nonsmokcra. the workplace may be the principal location at 
fk-hicjlexposure takes place. 

^W^miribuiion of smoking in the home to indoor air pollution has been 
demonstrated by studies using personal monitoring and monitoring of homes for 
respirable panicles. Spetigler et al. (1981) monitortd homes in six U.S. cities for 
respirable panicle concentrations over several years and found that a smoker of 
one paek of cigarettes daily contributed about 20 pg/m J to twenty-four-hour 
indoor panicle concentrations. In homes with two or more heavy smokers, this 
study showed that the old twenty-four-hour national ambient air quality standard of 
260 |ig)m 5 for total suspended particulates could be exceeded. Because cigarettes 
•re not smoked uniformly over the day. higher peak concentrations must occur 
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when cigarettes art actually smoked, Spenglcr ct al. (19g5l measured ihe pervonai 
exposures to respirable panicles sustained by nonsmoking adulis in iw 0 rural 
Tennessee communities. The mean twenty-four-hour exposures were substantially 
higher for those exposed to smoke at home,64 p.g/m 3 for those exposed versus 3b 
jig/m 3 for those not exposed 

In several recent studies, small numbers of homes have been monitored for 
nicotine. In a study of ETS exposure of day-care children, average nicotine con¬ 
centration during the time that the ETS-exposed children were at home was 3.7 
iig/m 3 ; in homes without smoking, the average was 0 3 ngtm 3 (Henderson e: al. 

19891. Coultas. et al. (1990) measured twenty-four-hour nicotine and respirable 
particle concentrations in ten homes on alternate days for a week and then on five 
more days during alternate weeks. The mean levels were comparable to those in 
the study of Henderson et al. (1989). but some twenty-four-hom values wetc as 
high as 20 ixg/m 3 . Nicotine and respirable panicle concentrations varied widely in 
the homes. 

The local exposure assessment methodology (TEAM) study, conducted by the 
U S. Environmental Protection Agency, provided extensive data on concentra¬ 
tions of twenty volatile organic compounds in a sample of homes in several 
communities (Wallace 1987). indoor monitoring showed increased concentrations 
of benzene, xylenes, ethylbenzene, and styrene in homes with smokers compared 
with homes without smokers. 

More extensive information is available on levels of environmental tobacco 
smoke in public buildings of various types (Table 6,2). Monitoring in locations 
where smoking may be intense. such as ban and restaurants, has generally shown 
elevations of panicles and other markers of smoke pollution where smoking is 
taking place (NRC 1986a: U.S. DHHS 1986). For example. Repace and Lowrey 
(1980) used a piezobalance to sample aerosols in restaurants, bars, and other 
locations. In Ihe placet sampled, respirable paniculate levels ranged up to 700 
tig(m\ and the levels varied with the intensity of smoking. Similar data hive been 
reported for the office environment, although the information is more limited 
(NRC 1986a: U.S. DHHS 1986). 

Transportation environments may also be affected by cigarette smoking. Con¬ 
tamination of air in trains, buses, automobiles, airplanes, and submarines has been 
documented (NRC 1986a: U.S. DHHS 1986). A recent NRC report (NRC 1986b) 
on air quality in airliners summarized studies of tobacco smoke pollutants in 
commercial aircraft. In one study, during a single flight, the NO- concentration 
varied with the number of passengers with a lighted cigarette. In another study- 
respirable panicles in the smoking section were measured at concentrations 
fivefold or greater than in the nonsmoking section. Peaks as high as ! .000 ugtro 3 
were measured in the smoking section. Mattson and colleagues (1989) used per¬ 
sonal exposure monitors to assess nicotine exposures of passengers and flight 
attendants. All persons were exposed to nicotine. even if seated in the nonsmoking 
portion of the cabin. Exposures were much greater in the smoking than in the 
nonsmoking section and were also greater on aircraft with recirculated air. 

i j 4 J. M. Samci. W. S. Cain, and B . P. Uaderer 
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L markers of exposure 

tic markers of tobacco smoke exposure can be used to describe the preva- 
the dosimetry of invol^juiy smoking and to validate questionnaire- 
isures of exposure. In both ^gggg^Ki involuntary smokers, the detection 
components or their met$iS§ifites m body fluids or alveolar air provides 
f exposure to tobacco sr|j§ke. an^levels of these markers can be used to 
tensity of exposure, ijne-f^ks If involuntary smoking have also been 
y comparing levels of b^^^^kers inactive and involuntary smok- 


em. the most sensitive ar^ShcttpS markers for tobacco smoke exposure 
ire nicotine and its major metab^^p^ine (Jarvis and Russell |9W; NRC 
1986a; U.S. DHHS 1988). Neiihe^Kbunetoreotinine is present in body fluids in 
theflfegjgge of exposure to iobac|^«ggkg| Because the circulating half-life of 
t«#irU^enenlly shorter tharf tw| hours (Rosenberg et al. 1980). nicotine 


co^iatntions in tx^^ds ref 
ha^ ^tpifti in the Bhaa&o r plasm'; 
tfnnotirs ioabout forty npurs (Kyi 
DHHS 1988); hi^cfrlinine 
PPP^to tobacco smoke in 
cot iaiackji ts the same half-life in 
siayp k the choice of the optimal 
' ' "' Jarvis etal. 1988; War 
and Hoffmann 1989). 




of CO in expired air. a&fcar 
from nonsmokers but are not 
nvoluntary exposure to 
Russell 1984). 
levels have been measi 
studiesofadultnonsmol 


ent exposures. In contrast, cotinjne 
smokers which ranges from less than 
al. 1982;Benowiuetal. I98J:U.S. 
jde information about more chronic 
ye and involuntary smokers. Whether 
live, and urine is presently controver- 
for measuring cotinine for research 
ISy SS; Coultas and Samet 1990; Haley, 
ocyanate concentration in body fluids, con- 
hemoglobin level distinguish active 
nsitive and specific as cotinine for 
•moke (Hoffman et al. 1984a. 1984b; 


alt nonsmokers and in children (Table 
|ures at home, in the workplace, and in 
ffings determined cotinine concentrations in urine and saliva. The cotinine 
Rvoluntary smokers ranged from less than l percent to about 8 percent of 
itvels measured in active smokers. Smoking by parents was the predomi- 
njffdeterjninant of the cotinine levels in their children. For example. Greenberg et 
>1. IM found significantly higher concentrations of cotinine in the urine and 
Ml$jis8£)jnfams exposed to cigarette smoke in their homes in comparison with 
ure|gS&ij«|e#nuuIs. Urinary colininc levels in the infants increased with the number 
9f cigarettes smoked during the previous twenty-four hours by the mother. In a study 
of schoolchildren in England, salivary cotinine levels rose with the number of 
smoking parents in the home (Jarvis et al. 1985). 

The results of studies on biologic markers have important implications for 
research on involuntary smoking and add to the biologic plausibility of associa¬ 
tions between involuntary smoking and disease documented in epidemiologic 
studies. The data on marker levels provide ample evidence that involuntary ex¬ 
posure leads to absorption, circulation, and excretion of tobacco smoke compo- 
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Table 6.3 Selected Studies of Cotimne Levels in Nonsmokers 


I 





Population 


Finding 


tOO advti piuenu incndinf ciuuci 

in London (Jarvis er a] i 9 J- 4 ) 

151 aduti males wending a clinic in 
London and 10 subjects from Ox¬ 
ford <W*ld t\ aJ. 19$4. W*jd and 
Ritchie \9U\ 


51 infou mending clinics in Nonh 
Carolina iCrwrsberj ct tl. I9M) 


412 nonsmoking adults in Japan 
(Mitiukuo et at. 1984) 


569 schoolchildren, age 11-16 
yean, in Bnsrol. England (Jarvis 
ct ai. 1985} 

38 children, ife $-15 fnocuh*. at- 
sending i child center in Nonh 
Carolina (PariijiuJJ cr jJ- 1985} 

£39 children and adults in a popuU* 
(ton sample in New Mexico 
(CoufiAJ ei at. 198?) 


260 aduti municipal worten in Dal* 
las. Texas (Haky et it 19891 


CotiAiw levels pan I lei idf-rtportcd eipofun In non¬ 
smoking. mein • 1.5 nf'ml in saliva: jn acuve 
imokcn. taun * 309.9 ng'ml. 

Urinary coo rune kvel tnerwied with reported duration 
Of smoke exposure. In nonesposed oommoken 
median level "2.0 nj'ml; exposed Donsmokcrv 
median m 6.0 cf/m!; active cigirotit smokers. me> 
dim ■ 1,645 ftf'mJ. Smoking by wife i/tcrcucd 
cocinme cc-occocrauoiu threefold in noosmokjfig. 
men. 

In nonce posed, median urinary level » A nj'mg 
ettaumne; exposed, median *■ 351 ng'mf 
cttauninc. Salivary crcmmnc levels higher in ex- 
posed. 

Exposure ai home and a: work independently in¬ 
creased urinary cotimne kvet. In nonimoken. ra¬ 
dian •v 6l0n|/mg maiiniric; active smoken, 
median ■ 1,570 nf r mg creaitmne. 

Saliva/y cotirune level irveroased with the number of 
smoking parents tf neither parent smoked, median 
» 0.20 pg/jnl: if both imoked, mcdiMt * 2 70 
Afrint. 

Serum cotimne level increased with the number of 
smokers in the home. In children without household 
eaposwr. mean * 1,0 nj/mJ; exposed, mean * 

4.1 eg/mi. 

Silivuy cotihine kvel increased with, the number of 
smokers in the home. If do smokers in the home, 
median kvel rcrc. If ooc or more smokers, 
median was grruier than zero and increased with 
the number of smokers 

Urinary cotirune kveJ about 2.5 times greater for per¬ 
sons living with smokers. Somewhat greater levels 
for those exposed at work. 


news. The studies of biologic marker* also confirm the high prevalence of involun¬ 
tary smoking. as ascertained by questionnaire (Coulus er aJ. 1987). The observed 
correlations between reported exposures and levels of markers suggest that ques¬ 
tionnaire methods for assessing recent exposure have some validity. 

Comparisons of levels of biologic markers in smokers and nonsmokers have 
been made in order to estimate the relative intensities of active and involuntary 
smoking. However, proportionality cannot be assumed between the ratio of the 
levels of markers in passive and active smokers and the relative doses of other 
tobacco smoke components. Nonetheless, several investigators have attempted to 
characteriae involuntary smoking in terms of active smoking. For example. Folian 
and colleagues (Foliart. Benowttt, and Becker 1983) measured unnary excretion 
of nicotine in flight attendants during an eight-hour flight and estimated that the 
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awwge'exposure wasO. (2-0.25 mg of nicotine. Russell. West, and Jarvis (1985) 
|fbmpared nicotine levels in nonsmokers exposed to tobacco smoke with levels 
ttfciiSVed: following infusion of known doses of nicotine. On the basis of this 
Comparison the investigators estimated that the average rate of nicotine absorption 
tOviS mg/h in a smoky tavern. 0.36 mgrit in an unvcntilated smoke-filled 
1 0.0M mg/h from average^Uij^ exposure. In active smokers the first 
of the day resulted in albsSfp^^of 1.4 mg of nicotine. 


HEALTH EFFECT'S Cf-lKff'OLUNT ARY SMOKING 

SCHtLDHOOD 

ked involuntary smoking in children to 
i tract illness during infancy and child- 
si nous in etiology and do not represent a 
nents of ETS. Investigations conducted 



RESPIRATORY TRACT ILLNESSES I 
iologic investigations! 

’increased occurrence of lower t 
ho^d; presumably these illnesse jarelnfi 
direcimponse of the lung to to4s;<s^: 
thrlijghou^he world have denvinstfatedian increased risk of lower respiratory 
trad^froess in infalPilih smol p^^B ^ts (Table 6.4), These studies indicate a 
pa ^igi ily increapHBiquenc^jai^onchitis and pneumonia during the first year 
of life of childly ^gg^ioking|^^||^Mtboiigh the health outcome measures 
newhat among the stuffltt^lllrelative risks associated with involuntary 
vere similar, and dose-|pggggg|relationships with the extent of parental 
Twere demonstrable. Althboghmbst of the studies have shown that mater- 
png rather than paternaL$0§lmg underlies the increased risk, a recent 
bm China shows that patimhsnwiking alone can increase the incidence of 
juratory illness (Vue Ohenr^jinxian. and Shunzhang 1986). in these 
Table 6.4). an effect of.passsve poking has not been readily identified 
first year of life. The st^^^he effect of passive smoking during the 
firjgfgBta# of life may reflect hig he r- expo sures consequent to the time-activity 
^bf young infants, whiCTrflflbtthem in close proximity to cigarettes 
|>y their mothers. feaAgsi ij 

hool-age children, pare ntaTsmofcmg also increases the occurrence of chest 
For example, in a survey of 4.071 Pennsylvania children ages five to 
’ years, the proportion of children having a chest illness of three days or 
ring the past year rose from 8.8 to II .8 to 13.6 percent with none, one. and 
king parents, respectively (Sehenker, Samet. and Speizer 1983). The 
other large surveys have been similar (Ware et al. 1984; Somerville. 
R fSili&£hirm 1988). 

RESPIRATORY SYMPTOMS and ILLNESSES in CHILDREN 

Data from numerous surveys demonstrate a greater frequency of the most com- 
®wn respiratory symptoms, cough, phlegm, and wheeze in the children of smokers 
( U.S. DHHS 1986). In these studies the subjects have generally been school- 
children, and the effects of parental smoking have been examined. Thus, the less 
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Table 6.4 E^y Childhood Respiratory Illnesses and Involuntary Smoking 












Study Population 

Study Design 

Effect of Involuntary 
Smotini 

Comments 

10.(72 births in h- 

Anieuui mjixrroJ 

StfAiAcAoi increase 

XX»e-rejponve re la 

rxl. 1967-W 

smoking hisiory. 

in hospiuliuLiort 

uor.tbip presem. 

iHirtip and Davies 

mociionnj of id- 

for pneumofta and 

maternal smoking 

1970 

missions during 
first yti/ of life 

beonchju*,’ RR* * 

1.4 

Oftjy 

2.205 births in Eh- 

Prospective cohort 

Significant increase 

Sea of smoking pa/- 

fluid, 1965-65 
(Lttdtf tt a 

1976) 

with Annua) ques* 
oon/urre 

in brorvehuis or 
pneumonia in hm 
year of life. RK - 
1.7 if one parent 
smoked. RR ■ 2 6 
if both imokod 

eni noi examined 

12.06$ birtht in Fuv 

Prospective cohort 

Sitnificani increase 

Effeci la/gest during 

land. 1966 (Ran- 

With follow-up of 

of hospital iiau on 

Am vc*;; maternal 

laklllin 1976) 

hotpiialiulrons. 
physician visits, 
and mortality 

foe mpoitory dis¬ 
eases during first 5 
yean. RR *> 1.7 

smoking only and 
measured during 
pregnancy 

t.265 births in New 

Prospective cowl 

Sifnihexni increase 

No effeci of paterrul 

Zealand. 1977 

with (Juries physi- 

in bronchitis or 

smoking; effeci ol 

(Fergiisson and 

cian. and hospital 

poetunotuA during 

maternal tmobng 

HorwooJ 1965) 

record review 

the Ant ytXr of 
life; RR - 2.0. if 
mother smoked: 
dose-response pre¬ 
sent in 6nt 

equivocal in sec¬ 
ond year, Absent in 
third 

LS6S minus in Scot* 

Prospective cohort 

Significant increase 

Incidence lowest for 

Und. I960 (Of- 

with record review 

in report of a res- 

group with mother 

ston. Rotty. and 
Walker 1965. 

1967) 

ind interview u 
one yev of i|t 

juratory illness 
during the first 
year of life: RR w 
1.S4 if either par¬ 
ent smoked 

alone smoking 

IJO etiildnni wish RS 

Case-control with 

Significant cflcct of 

Effect of paternal 

virus infeci 200 in 

111 controls, per* 

maicmii smoking 

smoking alto prr- 

infancy. Enfland 
(PulLait and Hey 
19(2) 

formed 10 yt*/s 

After index illnos 

At time of illness; 

RR * 3 2 

sent 

29 children hospi- 

Case control srudy 

Significant effect el 

Smoking by specific 

ulued vnh rttpi- 

with controls hos* 

imoking ID the 

parents rwt consi- 

mory syncyuii 
virus infection be* 
fore i|t 2 yon. 
and 5$ cor troll. 

New York (Hill ct 
tl 19W) 

pililiZcd for non* 
respiratory condi¬ 
tion 

household: odds 
ratio * 4.1 

dered 


'RJt » »*l*u*» ruS. Cakvlued hwn yubluhcd data if ml prondee by IK lumen. 
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il effect! of passive smoking, in comparison with (he studies of lower 
illness in Infants, may reflect lower exposures to ETS by older children 
d less time with their parents. 

results from several &tge studies provide convincing evidence that 
exposure to tobacco sps^filircrtases the occurrence of cough and 
the children of smokeptlthough earlier data from smaller studies had 
uous (Table 6.5). In^Hidyof^en thousand schoolchildren in six U.S. 
communities, smoking by parents ii^feaspd the frequency of persistent cough in 
,t^§tr ph$dren by about 30 perdSifc^WiiBlit et at. 19841. The effect of parental 
srrK|ff|derived primarily from.s»pktMj by the mother. Charlton 1 198-*) cort- 
survey on cigarette smpwi^which included 15.709 English children, 
ages eight to nineteen years. In i|i^il^^oking children, the prevalence of fre¬ 
quent cough was significamly higher if eitfier the father or the mother smoked. In 


an^Mwge Sludy in the United! 
daf ^w mgfbt cough ^.^ildren 

psSftpSKe symptorfiwf^hror.ic 
ihdiettes an exctaspsgaB&ted wi 
olehiidren in Boston 
|ss et al. 1980); the pre 
the number of smoking p; 
ommunities. the prev, 
significantly increasei 
hildren aged five toele' 



le 6.5 


Prevalence of Ri 
of Children. 


. parental smoking was associated with 
i eleven years (Somerville. Rona. and 

ge. the preponderance of the evidence also 
|i|tary smoking (Table 6.5), In a survey of 
ent i'heezing was the most frequent symp- 
| persistent wheeling increased signifi- 
jncreased. In the large study of children in 
rsistent wheezing during the previous 
other smoked (Ware et al. 1984). In 
parental smoking was associated with a 


ymptoms in Selected Investigations 
of Smoking Parents 




Pitvalen.-e tper 100) 
by Number of 

Smoking PufflU 


l 

» Subjects 

Rupiniory Symptoms 

0 

1 


t 

f.CJfe.rttuM'tn, aged 6-14. England 

Chronic cough 

15.6 

17 1 

22.2 

1 

Scgtsfies*) 






ItHSSsfctomoting children, aged 12-13, 

Cough during die day or at 

16.4 

190 

23.5 

1 

Jj^tMyglaftd e: aJ. 197*) 

night 




1 

5-9. Massachusetts 

Chronic cough and phlegm 

1.7 

2.7 

34 

1 

Weiss et al. 19*0) 

Persistent wheeic 

1 8 

6 8 

11.1 

1 

* 071 children, aged 5-14. Pennsylvania 

Chronic cough 

6 3 

7.0 

8 3 

! 

(Schenkcr. Samet. and Speiter 1983) 

Chrome phlegm 

4.1 

41 

4 0 

1 

| 


Persistent wheexe 

7.1 

7 7 

54 

i 

8.311 children. a#*d 5-9. tix U.S. ciues 

Chronic tough 

7.7 

S.4 

106 

I 

t'b'in et ai. I9M) 

Persistent vheeu 

9,9 

11.0 

13.1 

1 

1733 nonsmoking children, aged 8-10. 

Frequent cough l boys) 

15 

41 

48 


England iDiartion 19841 

Frequent eough tgirlsl 

31 

40 

52 

1 

i 

4b«r*nctf from U.S DHKS (19W. T»hk 4. kO-62) wd froro Chirlwi 
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more frequent report of persistent wheezing (Somerville, Rona. and Chinn 1988 1 
The odds ratio for exposure to twenty cigarettes per day at home was 1.6 <95 
percent confidence interval 1.2-2.2) compared with no exposure. McConnochie 
and Roghmann (1986) assessed predictors of wheeze in a retrospective study of 
children who had mild bronchiolitis in infancy and of control children. At a mean 
age of 8.3 years, current exposure to tobacco smoke increased the risk of wheezing 
(relative risk * 1,9). Parental smoking predicted the occurrence of wheezing at 
age five years in a study of children at risk for atopy (Cogswell, Mitchell and 
Alexander 1987). Passive smoking has not been significantly associated wrth 
wheezing in all studies, however (Leeder et al. 1976: Schtnktt. Samet. and 
Speizer l983:Tashkinei al. 1984). 

Although involuntary exposure to tobacco smoke is associated with the symp¬ 
tom of wheeze, evidence for association of involuntary smoking with childhood 
asthma is conflicting. Exposure to ETS might cause asthma as a long-term conse¬ 
quence of the increased occurrence of lower respiratory infection in early child¬ 
hood or through other mechanisms (Samet. Tager, and Speizer 1983: Tager 1988). 
Gonmackeret al. (1982) collected data from two U.S. population samples. The 
relative risk for asthma associated with maternal smoking was 1.5 in a midwestem 
urbanized county and 1.8 in a more rural eastern county. In a longitudinal study of 
children in Tecumseh. Michigan, parental smoking increased the prevalence of 
asthma at the first examination and was associated with a doubling of the risk for 
developing asthma during a fifteen-year follow-up period (Burchfiel 1984). A 
case-control study in the United Kingdom aisoshowed increased risk for asthma in 
association with exposure to ETS at home (Kershaw 1987). In contrast, in a 
longitudinal study in New Zealand, parental smoking habits were not found to 
affect the incidence of asthma during the first six years of life (Horwood. Per- 
gusson, and Shannon 1985). In another longitudinal study of more than two 
thousand children in Harrow'. England, parental smoking was not a significant 
predictor of the development of asthma during * five-year follow-up period 
(Leeder et al. 1976). Some cross-sectional studies have also not demonstrated a 
relationship between parental smoking and asihma (Schenker, Samet. and Speizer 
1983: Tashkin el a). 1984; Somerville, Rona. and Chinn 1988). The inconsisten¬ 
cies among these investigations cannot be readily explained. 

Although involuntary exposure to tobacco smoke has not been established as a 
cause of asthma, recent evidence indicates that involuntary smoking worsens the 
status of those with asthma. Murray and Morrison (1986) evaluated ninety-four 
asthmatic children of ages seven to seventeen years. Level of lung function, 
symptom frequency, and responsiveness to inhaled histamine were adversely af¬ 
fected by maternal smoking. In a study of twenty-ore asthmatics, ages six to 
twenty-one years, O’Connor and colleagues (1987) also found that maternal smok¬ 
ing increased the level of airways responsiveness. Male nine-year-old Italian 
schoolchildren had greater bronchial responsiveness if their parents smoked; the 
association with smoking was strongest for children with asthma (Martinez et al. 
1988). The increased level of airways responsiveness associated with maternal 
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smoking would be expected to increase ihe clinical severity of asthma. In this 
refcj^jljyiOsure to smoking in the home has been shown to increase the number of 
ei|e?fcmty’Voom visits made by asthmatic children (Evans et al. 1987). 

'Recent studies have also shown that children exposed to cigarette smoke in their 
hcpiS^$P« increased risk for $tit$£le ear disease. Both acute otitis media 
(PMUjUg^jt a!. 1985) and pereistepypPSi| ear effusions (Ktaemer et al. 1983: 
Bl|ckl9&)1lversenetaJ. 1985: Serbian. Jarvis, and Fcycrabend 1989) hive been 
ulPMKItith involuntary smokirwi- 



HON IN CHILDREN 
6|pis of the primarily eras 
reJiSWStipl^ surgeon general (U.S 
smoking parents in comparison wj 
lung function, but the long-term coi 
unknqgg#trr |he two years betwei 
longitudjail Evidence accumulated 
(U.SfsIfilS 1986) tff|t tnypluni 
F»^gchildh«fewc . 
the evidenct rtvie^t^^BS^ 1984 ^ 
Tj 





i| data available at the time, the 1984 
1984) concluded that the children of 
nonsmokers had small reductions of 
s of these changes were regarded as 
and the 1986 reports, sufficient 
the conclusion in the 1986 report 
teduces the rate of lung function 
tional studies have continued to confirm 
e surgeon general {Burchficl 1984: 
1984; Tsimoyianis et ai. l987)l although not all studies have shown 
ts of involuntary smolIjSpiilSie lung function of children (Hosein 
984; Lebowiti. Knudson/^j-gurrows 1984). 
of involuntary smokiggpiming growth have been demonstrated in 
asSTSffirws-seciional data from children in 
orkers (1979) reported in 1979 that 
nsitive to subtle effects on airways 
asing number of smoking parents in 
p reported the results obtained on 
period (lager c: al. 1983)- Using a 
that both maternal smoking and 
ing by the child reduced the growth rate of (he one-second forced 
■lume (FEV,). Lifelong exposure of a child to a smoking mother was 
reduce growth of the FEV, by 10.7,9.5. and 7.0 percent after one. 
id five years of follow-up. respectively. 

gitudinal data from the siudy in six U.S. cities also showed reduced 
;c FEV, in children whose mothers smoked cigarettes CBerkey et al. 
th rate of the FEV, from ages six through ten years was calculated 
lor 7;834 white children, from ages six through ten years, the findings of a 
‘tatistical analysis were that FEV, growth rate is reduced by 0.17 percent per pack 
cigarettes smoked daily by the mother. This effect was somewhat smaller than 
reported byTageretal. (1983). although if extrapolated to age twenty years, a 
cumulative effeci of 2.8 percent is predicted. 

Burchficl and co-workers (Burchficl 1984; Burchfiel et al, 1986) examined the 
effects of parental smoking on fifteen-year lung function change in subjects tn 


longitudinal studies. 1 
Massachusetts. TagerSf 
a spiromctric 1 
mal function, declined 
. In 1983. this invest^ 
these children over a ! 
technique, the investig 
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the Tecumseh study, who had been enrolled at ages ten through nineteen sears In 
the female subjects who remained nonsmokers across the follow-up period, paren¬ 
tal smoking did not affect lung function change. In nonsmoking males, parental 
smoking reduced the growth of the FHV,. forced vital capacity (FVCi. and max¬ 
imum flow rate at 50 percent of FVC (V^,^) although the sample sue was 
limited, and the effects were not statistically significant. For the FEV, in males, the 
analysis estimated 7.4 percent and 9.4 percent reductions in fifteen-year growth 
associated with one or two smoking parents, respectively. 

RESPIRATOR* SYMPTOMS AMD ILLNESSES IN ADULTS 

Only a few cross-sectional investigations provide information on the association 
between respiratory symptoms in nonsmokers and involuntary exposure to tobacco 
smoke. These studies have only considered exposure to a smoking spouse and have 
rot evaluated sources of exposure outside the home. Consistent evidence of an 
effect of passive smoking on respiratory symptoms in adults has not been found 
(Lebowiu and Burrows 1976:SchillingetaJ. 1977;Comstocketal. 1981:Schenk- 
er. Samet and Speiaer 1982; Kauffmann et al. 1989). 

Neither epidemiologic nor experimental studies have established the role of ETS 
in exacerbating asthma in adults. The scute responses of asthmatics to ETS have 
been assessed by exposing persons with asthma to tobacco smoke in a chamber. 
This experimental approach cannot be readily controlled because of the impos¬ 
sibility of blinding subjects as to exposure to ETS. However, suggestibility does 
not appear to underlie physiologic responses of asthmatics to ETS (Urch et al. 
19881. Of three studies involving exposure of unselected asthmatics to ETS. only 
one showed a definite adverse effect (Shephard et al. 1979: Dahms. Bolin, and 
Slavin 1981; Wiedemann et al. 1986). Stankus et al. (1988) recruited twenty-one 
asthmatics who reported exacerbation with exposure to ETS. With challenge in an 
exposure chamber, seven of the subjects experienced a more than 20 percent 
decline in FEV,. 

LUNG FUNCTION IN ADULTS 

With regard to involuntary smoking and lung function in adults, exposure to 
passive smoking has been associated with reduction of the FEF ;S _,, in cross- 
sectional investigations. White and Froeb (1980) compared spirometnc test results 
in middle-aged nonsmokers with at least twenty years of involuntary smoking in 
the workplace with the results in an unexposed control group of nonsmokers. The 
mean F£F ;s . T « of the exposed group was significantly reduced, by 15 percent of 
predicted value in women and by 13 percent in men. This investigation has been 
intensely criticized with regard to the spirometnc test procedures, the determina¬ 
tion and classification of exposures, and (he handling of former smokers in the 
analyses. 

A subsequently reported investigation in France examined the effect of marriage 
to a smoker in more than 7,800 adults in seven cities (Kauffmann. Tessier. and 
Orio! 1983). The study included 849 male and 826 female nonsmokers exposed to 
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eco smoking by their spouses' smoking. At mote than age forty years, the 
vas reduced in nonsmoking men and women with a spouse who smoked 
he investigators interpreted this finding as representing a cumulative adverse 
pt o.fitnarriage to a smoker. In ; a subsequent report, the original findings in the 


pmen were confirmed, biit 
fid not show effects of in 1 
s etal. 1989 k 

of an investigation 
also suggested adverse effects of 
^Brunekrcefetal. 1985: 
gcdata collected in 1982 
ifxposufein the home, but in a sam; 
smoke was not associated with li 
»982. 

sesSand co-workers (19! 
smoking 
The subjei 
Tgh risk for 




the maximum Ff^, 



analysis in a large population ofU.S. 
imoking on lung function tKauffmann 

riotismokmg women in The Netherlands 
imoke exposure in the home on lung 
emijne^al. 1985). Cross-sectional analysis of 
ited adverse effects of tobacco smoke 
Jvomen. domestic exposure to tobacco 
decline of lung function during the 

) alsess|d the effects of spouse smoking on 
Risk Factor Intervention Trial 
[•five to fifty-seven years at enrollment and 
artery disease. At the baseline visit, 
milliliters lower for the men married 




nd colleagues (1988) evt 
usip^pi^pmetry and measurement 
varied with gender. In 
floiKtratevwas associated with 


dies have not shown ch 
adult nonsmokers. In tw| 
' nificatstiy associated witjj 
!orr,stock et at. 1981). 




lung function of 293 young adults 
iffusing capacity and lung volumes, 
iction of the maximal mid-expiratory 
smoking and exposure to ETS during 
In women, reduction of the diffusing capacity was associated with 
(0 ETS at work. 

:ts of involuntary exposure to tobacco 
tional studies, marriage to a smoker 
of ventilatory function (Schilling et 
co-workers (Jones et al. 1983) eon- 
-control study of twenty- to thirty-nine-year-old nonsmoking women 
itudinal study in Tecumsch. Subjects from the highest and lowest 
s of the lung function distribution had comparable exposure to smokers in 
In a study conducted in Germausy. the effects of involuntary and active 
were examined in a population of 1.35) white-collar workers (Kemner. 
idjVeltle 1984). Self-reported exposure to ETS at home and at work was 
with reduction of spirometric measures of lung function. 

A conclusion cannot yet be reached on the effects of ETS exposure on lung 
function in adults. However, further research is warranted because of widespread 
t »posure in workplaces and homes. 

Iung cancer 

1' 1981. reports were published from Japan (Hirayama 1981) and from Greece 
'Trichopoulos et al. 1981) that indicated increased lung cancer nsk in nonsmoking 
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women married to cigarette smokers. Subsequently, this controversial association 
has been examined in investigations conducted in the United Slates. Scotland. 
Japan. Hong Kong. Sweden, and China. The association of involuntary smoking 
with Jung cancer derives biologic plausibility from the presence of carcinogens in 
sidestream smoke and the lack of a documented threshold dose for respiratory 
carcinogenesis in active smokers (U.S. DHHS 1982). 

Time trends of lung cancer mortality in nonsmokers have beer examined with 
the rationale that temporally increasing exposure to ETS should be paralleled by 
increasing mortality rates (Enstiom 1979; Garfirtkel 1981). These data provide 
only indirect evidence on the lung cancer risk associated with involuntary exposure 
to tobacco smoke. Epidemiologists have tested directly the association between 
lung cancer and involuntary smoking utilizing conventional designs: the case- 
control and cohort studies. In a case-control study, the exposures of nonsmoking 
persons with lung cancer to ETS arc compared with those of an appropriate control 
group. In a cohort study, the occurrence of lung cancer over time in nonsmokers is 
assessed in relationship to involuntary tobacco smoke exposure. The results of 
both study designs may be affected by inaccurate assessment of exposure to ETS. 
by inaccurate information onpersonal smoking habits that leads ^classification of 
smokers as nonsmokers, and by the misdiagnosis of a cancer of another site as a 
primary cancer of the lung. 

Methodologic investigations suggest that accurate information can be obtained 
by interview in an epidemiologic study on the smoking habits of a spouse (i.c., 
never or ever smoker) CPron et aJ 1988; Coulus. Peake, and Samet 1989: Cum¬ 
mings et al 1989). However, information concerning quantitative aspects of the 
spouse's smoking is reported with less accuracy. Misdassification of current or 
former smokers as never smokers may introduce a positive bias because of the 
concordance of spouse smoking habits (Lee 1988) The extent to which this bias 
explains the numerous reports of association between spouse smoking and lung 
cancer is controversial (Wald et a). 1986; Lee 1988). 

The evidence from the case-control and the cohort studies does not uniformly 
indicate increased lung cancer risk in persons exposed to ETS. but most of the 
studies indicate increased risk in nonsmokers manied to smokers (Table 6.6). 
Hirayama's (1981) early report was based on a prospective cohort study of 91.540 
nonsmoking women in Japan. Standardized mortality ratios for lung cancer in¬ 
creased significantly with the amount smoked by the husbands The findings could 
not be explained by confounding factors and were unchanged when follow-up 
of the study group was extended (Hirayama 1984). Based on the same cohort. 
Hirayama has also reported significantly elevated standardized mortality ratios for 
lung cancer of 2.1 and 2.3 in nonsmoking men with wives smoking one to nineteen 
cigarettes and twenty or more cigarettes daily, respectively (Hirayama 1984), 

In 1981. Trichopoulos et a). (1981) also reported increased lung cancer risk in 
nonsmoking women married to cigarette smokers. These investigators conducted 
• case-control study in Athens. Greece, which included cases with a diagnosis 
other than adenocarcinoma or bronchioloalveolar carcinoma and controls selected 
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T»l>le 6.6 Cohort inti C*sc-Control Studiet of Pmive Eiposurr 


! Sn*«7 


^nd'rvgs 


Comments 



Ji.t eohon iiudy n )i- 

. : .M0 oonsmokint 

fcnul^::3966-8l (Hinykmk 



PrtMpcciivt <phoR inidy in the 
U-S of 116.139 nonjmokinf 
*(n*le». 1960-72 (Gtrfnkel 

1 




i cohort i 
) of 1.121 

9. 1972-IJ et;: 
«l. 19843 # 

ol imdy in Gn«ct of 
ttinf fcmtlc ciui. 
bob. 1971-80 (tri- 
l tl *]. 1911; In- 
. Ktlihdidi. uid 

FHiJl 

I study in Hon| 

| $-4 fernile omi and 
introU. 1916-77 (Ovtn 
9?9; Chan tmj Fung 

I study in the U.S. 

{female and t male 

Jung cases. \ yy 

&w&Ufcgfcnd ISO male controls 
el aJ. 19*3) 
sway in the U.S. 
: 45,8M*» thd M ftmiii non- 
hg taxi with matched 
nooii. 1971 -TO (Kabat and 
iH4) 

ntrol study in Hong 
Vuh Ift nonsmoking 
‘ $s. 1981-12 (Koo. 
19*4. Koo. Ho. 
*ftd Lee 1915) 

-control study in the U.S. 

3l nonsmoking and 1*9 
female cases <Wu et 

*1. I985i 

-control srudy in the U.S. 

*'ih 1)* nonsmoking female 
tixt <W« f ( al 19*5) 


ge-occupation-adjusted SMRi.* 
^'hy huib^Kj smoking: 

^NoR$ftofce|s m k.00 
1.56 

tni jrrtokef* 

* !■« 

I 91 

SMRi. by husband 



r ipouvt smoking: 
1.00 

*t*n * l.<* 
^an » 3.11 


Odds ratio not significantly in* 
creased for current expo¬ 
sure el home: 

Miles « 1.26 
Femaks » 0.92 

Odds ratio of L24 (p > .40) for 
combined home and *wt- 
ptace exposure; no tuoeiaiiofl 
with cumulative hours of ex- 
pert lire 

No significant effect! of ex¬ 
posure from parents. sf**»*e. 
or workplace in imoktn and 
rommoken 

Nonsignificant odds ratio of 
1.22 if husband smoked: ug- 
mficanily increased odds ratio 
of 2 11 if husband smoked 2D 


Trend statistically ng- 
futicint: all hisiot- 
Of res 


All histologies: effect 
of husband smok- 
inf not significant 


Preliminary, small 
numbers of cases 


Trend suautcally sig¬ 
nificant: hiswtofjes 
other than adeno¬ 
carcinoma and 
branch lokulveolv 
carcinoma 

AH histologies; rwo 
re pom are meoft- 
sistent on the ex¬ 
posure variable 

Significant increase 
for >41 pack 
years: broochiolo- 
alveolar carcinoma 
excluded 

All histologies; find¬ 
ings negative for 
spouse smoking 
variable as well 


All histologies 


Adenocarcinoma and 
squamous celt car¬ 
cinoma onty 

All histologies, care¬ 
ful exclusion of 
smokets from the 
case group 


{(Qt\t\rui(d\ 
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Table 6,6 iCcnJtrut/d) 


I 

1 


f. 


Ij 

T 

r 



Swdy 


Case-control study in England 
wiib J5 mile ind 33 ferrule 
nonsmoking cues. and 50 
mtlr and 66 female nonsmok- 
in| controls (Lee. Oum- 
berInn. and AUfcnon I9S6) 

Case-control study in Japan with 
19 male and 9* female non¬ 
smoking cases, and 110 male 
and 2?0 rtrtuk nonsmoking 
controls f Akiba. Kato. arid 
b\c< IW6) 

Case-control study in Louisiana. 
Texas. and New Jersey wjiH 
99 nonsmoking cases and 736 
controls (Dagger el aJ. 1946) 

CaK-control wudy tn New Mea- 
ico with 24 nonsmoking eases 
and 292 nonsmoking controls 
(Humble, Samel, and Pjthai 
|9I9| 

Case-control Study in Sweden 
with 72 nonsmoking cases, 
two iiuiched control lenes 
(Perahagen. Hrubec. and 
S venison 1947| 

Case'control study in Colorado 
with J02 adenocarcinoma 
cases. 50 nuies and 52 
females, and 131 controls 
(Brownson d aJ 19471 

Cut-control uudy in Hong 
Kong wun |99 never smoking 
ferrule cases and 335 controls 
(Lam cl al. 19471 

Case-control study in Shanghai 
with 2*6 non>rooking ferrule 
case* and 375 controls (Gk> 
et a) |9K7j 

Case-control study m Japan with 
90 nonsnrn>king female cases 
and 163 controls (Shimizu ci 
ii m*i 

Ca*e<omrol study in Jipin with 
34 smoking ferrule cantt and 


Fiftdthgs _ Commen t 

or more ciganenes duly at 
home, sipiihcan! trend with 
number of eiganstics smoked 
♦' home by (he husband 

Overall odds rai»o for spouse Hospital-based srud> 

smoking of J. 1 


For females, odds ratio of 1 5 if Clinical or radiologic 
husband smoked, for males. diagnosis for 0*v 

odds raise of 1-8 if wife ill histologies 

smoked 


Admixed odds rauc for mamage 
to a smoking spouse was 1.5 


Nearly l0CK> histo¬ 
logic confirmation, 
ail histologies 


Adjusted odds ratio for mamage All histologies other 
to a imokmg ipouse was 3.5: than bronchioJo- 

no effect io active smokers alveola/ carcinoma 


Odds ratio for mamtgc to a 
smoker was 3.3 for squamous 
and small cell carcinomas 


No effect of exposure 
for other types; 
study based witht* 
a cohort 


No effect in entire group: in 
nonsmoking women, odds 
ratio of 1-7 for exposure fe4 
ft f day 


Overall odds ratio • 1.7, signi¬ 
ficantly increased for marriage 
to a smoker, odds ratio =■ 2.1 . 
for adeaoca/rmorru 

Overall odds ratio - 0.9 for 
ever living with a smoker; 
ride iticrrued with duration 
of living with a smoking hus- 
bvtd 

Odds ratio for husband's 
smoking was 1,1: no effect of 
exposure at work 

Overall odds ratio * 2.3 for 
mamage lo a smoker 


Passive arrokuig ef¬ 
fect not significant 
m nonsmoking 
women but only 19 
such casci in¬ 
cluded 

All histologies: no 
evidence for ex¬ 
posure response 

All histologies, but 
mijonry adenocar¬ 
cinoma: no effect 
of Childhood ex¬ 
posure 

All histologies; in¬ 
creased risk from 
other household 
member* - smoking 

Risk increased with 
the number of 


f COrtfMwdJ 
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UfKHK *nd 


Tabic 6.6 (Con/muf^l 


Findingi 


Commtnu 



c if ire ueb vcr»oitd 
by the huvtond 

i'Mdi fji.it) * 12 fev 
)»ft Ip » smoker 

All hi»HjU»$tes 


nw*hTy rmtio. 


at a hospital for orthopedic disorde 
unchanged with expansion of the sj 
Sp^tws. &83). 

S its of othp$)fefequcntS 
tttiHicall|s||$Btfiear!t i 
■(Table 6o). the findini 
«n the evidence fMf%Pe artier j 


alts or othffl^Sequempn^ie 
iutisticalljiyjjggtfiearu asjartiuc 
:r (Table 6.6 VtKs findin|iHm^n U 
deuce fU«artier 
large numbers of non smokers JG 
to, and Blot l9B6;Dalagl|lPifli 
ire. in most of these studies. ihW}),: 


derqiJjtftfh in the earlier reports su^pPEi 
more fully. F"""" 

l^jpults of two other investi jjk'tldftS'haye also been interpreted as showing an 
incited lung cancer risk associated wiih|passive smoking although both have 
m^tii^jgic limitations. In Gc ffilSPf Bioih. Bohn, and Schmidt (1983) de- 
scrSSfetaisenes of fifty-nine femakluai^ficer cases of which thirty-nine were in 
tnoMstcfeers. Based on census dKOfilil investigators projected (hat a much 
' greater tgpn expected proportion o^^Mpstnoken had lived in households with 
^ re P° n did not incite 'an appropriate comparison series, however. 
G^fff lf itl (1984) described the preliminary results of a cohort study of 16.171 
m»fc*:*ric females in western Scotland: domestic exposure to tobacco smoke 
in^feased the lung cancer risk for nonsmoking men but not for women. The report 
on only sixteen cases of lung cancer in nonsmokers, however. 

S i of some investigations indicate lesser or no effects of exposure to 
.6). In these studies, however, confidence limits for the relative risks 
ith marriage lo a smoker are wide and overlap with the confidence 
limits in the studies with significant results (NRC 1986a). Two separate case- 
control studies in Hong Kong, where lung cancer incidence rates in females arc 
Particularly high, did not indicate excess risk from passive smoking (Chan ti al. 
*979; Chan and Fung 1982; Koo. Ho. and Saw 1984: Koo. Ho. and Lee 1985; Koo 
*' at. 1987). In the more recent of the two studies, the questionnaire comprehen- 
aivtly assessed cumulative exposure from home and workplace sources (Koo. Ho. 
and Saw 1984; Koo. Ho. and Lee 1985: Kooet at. 19871. A subsequent study in 


TOfflsitive findings reported in 198! were 
g*@g)|1aiion (Trichopoulos. Kaiandtdi. and 

»n«jl case-control studies have also dem- 
iatiolis between involuntary smoking and 
«n the more recent repons greatly strength- 
£H$pvcral of (he newer studies included 
s (G$f nice). Auerbach, and Joubert 1985; 
iii|S6;Gaoeia). 1987; Lam etal. 1987), 
rypjuntary smoking was assessed i n greater 


.ptrsare-response relationships could be 


rnviaoNMENtM. to>acco smoke U? 
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Hong Kong did find a significant association of spouse smoking and lung cance; 
risk (Lam et al 1987}. Lee and co-worken (Lee. Chamberlain. and Aldersor. 
1986) reported a hospital-based case-control study in England. Although the in¬ 
vestigators considered that their findings indicated little or no effect of involuntary 
smoking, the case series was small. Another recent hospital-based case-control 
study, conducted in Japan, also did not show an association between lung cancer 
nsk and spouse smoking (Shimizu et al. 1988) 

The results of the American Cancer Society's prospective cohort siudy of mor 
Ulitv in 1 76, 1 J9 nonsmoking women have also been construed by many as no: 
showing an association between involuntary smoking and lung cancer (Garfinke; 
1981). However, the standardized mortality ratios for the nonsmoking women 
with husbands who smoked were greater than unity, but not significantly greater 
Recent and preliminary results from a nationwide case-control study also did noi 
demonstrate increased lung cancer risk from domestic exposure to tobacco smoke 
(Rabat and Wynder 1984). In another case-control study that was performed in Los 
Angeles. Wu et al. (1985) did not find significantly increased nsk (or adenocar¬ 
cinoma associated with involuntary smoking in smoking and nonsmoking women 
These investigators estimated exposure from parental smoking, spouse smoking 
and workplace sources. The relative risk for lung cancer was slightly, but no: 
Significantly, increased by exposure from Spouse smoking and from smoking b\ 
co-workers. 

The current extent of the dau on involuntary smoking and lung cancer contrasts 
w-ith the more extensive literature cited in the 1964 surgeon general s report, which 
characterized active cigarerte smoking as a cause of lung cancer (U.S. Public 
Health Service (PHS1 1964), The variability of the data on involuntary smoking 
also contrasts with that on active smoking. However, most or the studies or. 
involuntary smoking and lung cancer have small numbers of cases, and confidence 
intervals for the effect of involuntary smoking in the various studies would over¬ 
lap. Variation in the results of the studies may also reflect random and nonrandom 
errors in the classification of exposure to ETS. In Tact, assessment of exposure 
relevant to lung cancer appears more difficult than for other health effects oi 
involuntary smoking, The relevant exposures may begin at birth and occur under a 
wide variety of circumstances. Thus, some inconsistency among the studies would 
be anticipated in the face of the relatively small study populations and the difficul¬ 
ties of estimating exposure. 

In spite of the variable epidemiologic evidence, ETS has been characterized as 2 
cause of lung cancer. The International Agency for Research on Cancer of the 
World Health Organization flARC 1986) has concluded that "passive smoking 
gives rise to some risk of cancer." In its monograph on tobacco smoking, the 
agency supported this conclusion on the basis of the characteristics of sidestream 
and mainstream smoke, the absorption of tobacco smoke materials during involun¬ 
tary smoking, and the nature of dose-response relationships for carcinogenesis. 

The NRC (NRC 1986a) and the U.S. surgeon general (U.S. DHHS 1986) have 
also concluded that involuntary smoking increases the incidence of lung cancer in 
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feers. In reaching this conclusion.the NRCtNRC I986a>cited the biologic 
ausibility of the association between exposure to ETS and lung cancer and the 
j$$u) 93 t&g epidemiologic evidence. Based on a pooled analysis of the epi- 
?'%i^wb|ic dau which adjusted forl^^he report concluded that the best esti- 
' he excess risk of lung c|gfK#ibnainokm married to smokers was 25 
jhe 1966 report of the svffgeon general {U.S. DHHS 19861 eharacterucd 
i smoking as a cause offiitig.car.cir in nonsmokers. This conclusion was 


based ophite extensive informal 

« oking. on the qualitati 
d on the epidemiologic 
;nt of the lung cancer hi 
United States remains uncertain 
jiologic studies provide v. 

not been chsdacterizS 
: esiimatiopggs^edures 
I with invoWhUCk smokii 
order to lisel'fuj methi 
calculated that d ^ r^ ^g ely 5J 
PP^^rs as a result of involunt^ 

• ' hs annually in the Unif 




available on the carcinogenicity of 
ties between ETS and mainstream 
voluntary smoking, 
iaied with involuntary smoking in the 
U.S. DHHS 1986: Weiss 1986). The 
imprecise measures of risk, and ex¬ 
alte and representative population sam- 
used to describe the lung cancer risk 
jut assumptions and simplifications must be 
r example. Repace and Lowrey (1985) 
ancer deaths occur annually in U.S. 
smokjjig. Wells(1988) attributed3.000 lung 
to involuntary smoking. 




ONCERS 

1 recent reports have suggested tKafexposurc to ETS may increase the risk 
|at sites other than the luSffl'Ofii's.tudy found that in children, maternal 
!^to environmental tobacc^ smokejjunng pregnancy was associated with 
|risk of brain tumors (hJlwPIranin et al 1982). and in another study 
ui not maternal tmoking^g^ggj} the risk of childhood rhabdomyosar- 
iiffeman et al. 1982). Sjch Metis might arise from smoking-induced 
> germ cells of the parents u fiwogh transplacental exposure rather than 
ii effect of smoke inhalation (Everson 1980: Grutferman et al. 1983). 
WWhs. involuntary smoking has been linked to a generally increased risk of 
ma^jggsfcy and to excess risk at specific sites. Miller (1984) interviewed surviving 
relives of 537 deceased nonsmoking women in western Pennsylvania concerning 
‘heimt^lhg habits of their husbands. A significantly increased risk of cancer death 
(odd^jteio » l .94. p < .05) was found in women who were married to smokers 
^employed outside the homes. The large number of potential subjects 
interviewed and the possibility of information bias detract from this 

•tport. 

Sandler and colleagues (Sandler, Everson .and Wilcox l985.Sandleretai. 1985: 
Sandler. Wilcox. and Everson 1985) conducted a case-control study on the efTectsof 
'xposures to ETS during childhood and adulthood on the risk of cancer. The 518 
c kses included cancers of alt types other than basal cell cancer of ihe skin; the cases 
*nd the matched controls were between the ages of fifteen and fifty-nine years. For all 
'liescombined, significantly increased risk was found for parental smoking (crude 

ENVIRONMENTAL TOiACCO SHORE 149 



http://legacy.library.ucsf.e(fiiiliid(6dqBffp@G^|OTtfw.industrydocuments. ucsf.edu/docs/qjgl0001 


52434 3124 





oddj.ratio = 1.6)»ndformarriageioasmokingspouseicrudeoddsraiio = I .Si.(he 
effects of these two exposures were independent (Sandler. Vs'iico*. and Eversor 
1985). Significant associations went also found for some individual sues ht 
childhood exposure (Sandler et a). 1985). maternal and paternal smoking increases: 
the risk of hematopoietic malignancy, and for adulthood exposure (Sandler. Ever¬ 
son, and Wilcox 1985). spouse's smoking increased the rtsk for cancers of iht 
female breast, female genital system, and the endocrine system. These findings are 
primarily hypothesis generating and require replication. In a case-control study 
such as reported by Sandler et al. (1985), biased information on exposure ic 
environmental tobacco smoke is of particular eoncem. Hirayama t!984) has re¬ 
ported significantly increased mortality from rasa) sinus cancers and from bratr 
tumors in nonsmoking women married to smokers in the Japanese cohort. In a case- 
control study of bladder cancer, involuntary smoke exposure at home and at work die 
not increase risk (Kabat. Dieck. and Wynder 1986). Cervical cancer, which has beer 
linked to iciive smoking, was associated with duration of involuntary smoking in i 
case-control study in Utah (Slattery et al. 1989). 

These associations of involuntary smoking with cancer ai diverse nonrespira 
torv sites cannot be supported readily with arguments for biologic plausibility 
Increased risks at some of the sites, for example, cancer of the nasal sinus arse 
female breast cancer, have not been observed in acrive smokers (U.S. DHHS 
1982). In fact, the 1A.RC has concluded that effects would not be produced ir 
passive smokers which would not be produced to a larger extern in active smoker; 
(1ARC 1986). 

CARDIOVASCULAR DISEASE 

Although extensive data establish active cigarette smoking as a causal risk 
factor for cardiovascular diseases (U.S. DHHS 1983). few studies have examinee 
involuntary smoking as a risk factor for these diseases In the cohort of nonsmok¬ 
ing Japanese women. Hirayama (1985) found a small, statistically significan- 
increased risk of death from ischemic heart disease associated with the husband'; 
smoking. Garland et al. (1985) prospectively determined monality from ischemic 
heart disease in nonsmoking older women residing in southern California. Afte; 
adjustment for established risk factors, marriage to a smoking spouse was associ¬ 
ated with a relative risk of 2.7 (p < .10). Gillis et al, (1984) assessed the baseline 
prevalence of cardiovascular symptoms and major electrocardiographic abnor¬ 
malities in a population sample residing in Scotland and then determined cause 
specific monality for up to ten years of follow-up. In a preliminary report, involun¬ 
tary smoking was not associated with the prevalence of cardiovascular symptom; 
at baseline or with cardiovascular mortality on follow-up. A case-control study ir 
England did not show increased risk for ischemic heart disease or for Stroke ir 
nonsmokers married to smokers (Lee, Chamberlain, and Alderson 1986). 

The effect of involuntary smoking was assessed among the nonsmoking maU 
participants in the MRF1T; these men had been selected to be in the upper 10-1: 
pereenl of risk for mortality from coronary artery disease, based on a score frorr 
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jjtngham study (Svendsen et it. 198"?). In comparison with men mimed to 
ken. never smokers with smoking wives had increased nsk for coronary 
s foean disease {relative risk *> 2.11.95 percent confidence interval 0.69-6.461. 
" x onfatal corona^ heart $»ease event (relative nsk * 1.48. 95 percent 
einm\al0.89-2,47). apdigSi§i|om any cause t relative risk * 1.96.95 
Confidence interval 0.93-pni). These relative nsks changed little when 
^okers were included it^ihe arts^sis or with adjustment for other nsk 
fcoronary heart disease! "jj"' J 




; and colleagues (1988) 
sjenrolled in a cohort stu 
kith persons married to 
? smokers had a significantly increi 
for males and 1.2 for females). 

i&ydfects of involuntary ex> 
which largely depends on. cardioi 
Su|^&cts denve^^^bility 
fg&mtik might am^vel of 
dievaseular sysK^-sJrri$$on of 
ure might also advei 
Jte ventilation, 
rmany toxic agents in ETS 
najpce adversely because 
^84). CO interferes will 
glpJSn torform carboxyhemoglobin 
tiofi^ 

vatesptthSe rate, blood pressure, t 
CCt^cotin* might impair pe ftonnanci 
coiKenff ajions below which phyi 
tin and Richter 1984; U 


n the heart disease mortality o( non- 
hington County. Maryland. In com¬ 
ers, both men and women mamed to 
dying from heart disease WR = 1.3 



acco smoke on athletic performance, 
spotises. have also been examined, 
mposition of ETS. which contains 
unction and oxygen delivery by the car- 
d lower respiratory tracts following 
rformance when exercise requires 



nicotine are candidates to influence 
diovascular effects (Schievebcin and 
sport by avidly binding to hemo- 
hifting the oxyhemoglobin dissocia¬ 
te the left. Nicotine releases epifjsphnne and norepinephrine and eie- 

demand. Although these effects of 
exposures to ETS are generally at 
eels would be expected to occur 


1986). 

cts were exposed to tobacco smoke 


Studies, healthy nonsmo 
»nd i; 5 |a&.performance subsequently assessed (Pimm. Silverman, and Shephard 
l9^^Murray, Hicks, and Thompson 1965). In both studies, attempts were 
mafe to blind the subjects as jo whether clean air or smoke-contaminated air was 
>tthi|^y^iven the unmistakable odor and other characteristics of cigarette smoke, 
u seMftythlikely that these studies were truly blinded, and their findings must be 
intrferetel wjth this constraint. 

IflSfii^ennan. and Shephard (1978) exposed ten males and ten females to 
levels of cigarette smoke described as characteristic of "levels typically encoun¬ 
tered in public buildings." The subjects were exposed in a chamber and subse¬ 
quently underwent a progressive exercise test. Maximal oxygen uptake was not 
significantly affected, and a consistent pattern of adverse effects on lung function 
% »s not found. The subjects did have symptomatic responses to the exposure. 

I' the study conducted by McMurray, Hicks, and Thompson (1985), air or 
rfgaictte smoke was inhaled by eight female subjects through a mouthpiece, and 
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submaximal and maxima) exercise performance wept assessed The inhalation of 
cigarette smoke led to a reduction of maxima] oxygen uptake and a reduction of 
time to exhaustion. Effects on the respiratory exchange ratio (Ri. maximal blood 
lactate, and ratings of perceived exertion were aJso found during the maximal 
testing. Adverse effects of smoke exposure were aJso suggested by the submaximal 
testing. 

TOTAL MORTALITY 

Several cohort studies provide information on involuntary smoking and mor. 
tality from all causes. In the Scottish cohort study, total mortality was increased for 
women living with a smoker but noi for men (Gillis et at. 1984). As described 
previously, total mortality was also increased among nonsmoking participants in 
MRF1T who lived with smokers (Svendsen et al. 1987). In contrast, mortality was 
not increased for nonsmoking female subjects in a study in Amsterdam (Van- 
denbroucke etal. 1984). Neither the study in Scotland nor the study in Amsterdam 
controlled for other factors that influence total mortality In the cohort study in 
Washington County, all-cause mortality rates were significantly increased for men 
IRR *= l.|7) and for women (RR = 1.15) after adjustment for housing quality, 
schooling, and marital status (Sandier ei al. 1989). 

ODOR AND IRRITATION 

Tobacco smoke contains numerous irritants, including particulate material and 
gases (U.S. DHH5 1986) Both questionnaire surveys and laboratory studies 
involving exposure to ETS have shown annoyance and irritation of the eyes and 
upper and lower airways from involuntary smoking. In several surveys of non- 
smokers. complaints about tobacco smoke at work and in public places were 
common (U.S. DHHS 1986): about 50 percent of respondents complained about 
tobacco smoke at work, and a majority was disturbed by tobacco smoke in restau- 
ranis. The experimental studies show that the rate of eye blinking is increased by 
ETS. as are complaints of nose and throat Irritation (U.S. DHHS 1986). In the 
study of passive smoking on commercial airline flights reported by Mattson and 
colleagues (1989). changes in nose and eye symptoms were associated with nic¬ 
otine exposure. The odor and irritation associated with ETS merit special con¬ 
sideration because a high proportion of nonsmokers are annoyed by exposure to 
ETS. and control of the concentrations in indoor air poses difficult problems in the 
management of healing, ventilating, and air-conditioning systems. 

EXPERIMENTAL STUDIES 

Experimental exposure of volunteer subjects has provided convincing evidence 
of the irritani effects of exposure to ETS. Studies reviewed in the 1986 report of the 
surgeon general (U.S. DHHS 1986)documented eye irritation through both objec¬ 
tive measurements of blink rates and of stability of the precorneal tear film and 
subjective repons. Symptoms of nose and throat irritation were also associated 
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|exposure. More recent experimental studies have provided further data 
Ipncemirig the odor ar.o annoyance associated with ETS exposure. 

Jgte i^hal experimental setting to assess the effects of indoor eontaminams on 
.niFligPM is exposure in ■ climai&eagg^d environmental chamber with rela- 

jaattnart Of stainless steel, and variable ven¬ 
dor, human beings occupy the chamber for a 


l surfaces, for example. 
{Nation. To investigate occupancy 
Judges of the odor of ii 
their facd^tnto a box fed with th 
to visit the space. Th< 
grating scale (e g , no 
dor intensity, generally|uii 
delivers the vapor of a standard 
various concentrations. 

fritri^riic^lem investigations alsi 
■cafibratf- Intensity judgments. 




people object tp any g! 
indiviSliplifTerenci 



' enter the chamber briefly or place 
re of the chamber and may thus be 
mem may comprise a marit on an 
rpowering odor) or the choice of a 
vice called an olfactomeitr. which 
h as n-butyl alcohol (l-buianol). at 


dgmems of acceptability in order to 
y judgments address the question; 
Ivetof odor (or irritation)? The answer 
olfactory sensitivity and upon aesthetic 
nsity judgments to remain constant 
decades for any fixed stimulus. w| can expect acceptability judgments 
prevailing standards. |ji£iiSSi| 

. I shows the relationship between ventilation rate and occupant satis- 
i(V| recent study conducted ^fiSwiiate chamber with from four to twelve 
(Cain et tl. 1983). Visitoriwsde'jiSdgmenu of air circulated through an 





to the conditions of occupancy. The 
1 matched to the occupancy odor 
level and dissatisfaction decreased 


tpfe sqgipling box and were then 
seale^^ to the concentration of 1-butan 
:r one hour of occupancy! 
es in ventilation rate. 

Nation standard of the Ai 
oning Engineers (ASK 
Satisfaction among visit* 


ciecyof Heating. Refrigerating, and 
£9) recommends a maximum of 20 
e. By this criterion, the data from 
eation imply the need for 17 cubic feet pet minute (cfm) per occupant 
f). The ASHRAE standard suggests 15 cfm or mote per occupant for 
spaces, for example. 15 cfm for classrooms, libraries, auditoriums, and 
20 cfm for offices, conference rooms, dining looms, and lobbies. 25 
fotheques and beauty shops; 30 cfm for bars and casinos: and 60 cfm for 
seine winges. Thus, the ASHRAE standard specifies sufficient air to control 
I with the occupants of a space. 

^hen cigarettes were smoked in the climaie chamber, odor level increased 
'h^rtedly (Figure 6.2V Figure 6.2 shows ETS odor for various conditions of 
tm °king: intermittent (four cigarettes per hour) or continuous (eight and sixteen 
c, {arenes per hour). The intensity of the odor increased with the number of 
Cl |X'tnes smoked and declined with increasing ventilation. As shown in Figure 
® the degree 0 f dissatisfaction mirrored thehigher odor level. Based on the rule 
° r percent maximum dissatisfaction, the ventilation rate required per cigarette 
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Ventilation Rato (ctm per occupant) 

Fifurc 4-1. Relation between kvtl of ©crupiney odor (trvdscited by cooctntnuori of I -butanol 
maic^d to the odor [fitted s^uafft\) uva ventilation me per occupant when (our 10 tw-eke perwns 
occupied a climate chamber for ia hour. Judgments of odor were made by viuton who sampled the air 
of the chamber ai a remote timphn| box Also shown u the frequency of duuutfaciton expressed by 
the visitors mrtspOftx to the question, "lithe lit acceptable or unacceptable lufl/t/Jr^jqiaa/rJlTThc 
dahtd Isnt shows she vtmtlwtOh nit that ted i© 20 percent dnumfiaic*. Source: Reprinted with 
permission from Aimosphtric Itivitwmem 17. Cain W. $ et a!.. Ventilation requirements in 
buiWiftfi—1 Control of occupancy odor and tobacco smoke odor. Copyright 1983. Pcrgtmon Press 
PLC. 


during active smoking exceeded 4,000 ft*. In order to convert ventilation per 
cigarette into ventilation rate per person for typical conditions of occupancy in a 
‘"smoking-permitted” space, we assumed that 10 percent of the occupants would 
be smoking at any given time. The resulting requirement for ventilation was 53 
cfm. more than three times that for nonsmoking occupancy. 

The higher ventilation rate for smoking calculated from these data does not 
appear to represent a special aversion to the odor of cigarettes on the pan of the 
judges. The judges, one-third of whom were smokers and two-thirds of whom 
were not. seemed to base their dissatisfaction strictly on odor intensity. Degree of 
dissatisfaction varied with odor intensity in the same way for both occupancy odor 
and tobacco smoke odor {figure 6.4): stronger odors yielded greater dissatisfac¬ 
tion regardless of the source of odor. 

The adequacy of the ASHRAE standard can be evaluated using these experi¬ 
mental data. The standard recommends 60 cfm per occupant in a smoking lounge, 
where presumably most or all occupants may be smoking. If 100 percent rather 
than 10 percent of the occupants smoke simultaneously, then the ventilation rate 
would need to exceed an unachievable 500 cfm per occupant. If 50 percent smoke 
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tiliiv of ETS Odoe perceived Iht 5-in-.plir l bo» &jrm{ ind after rnienrtincm 

♦ per *ow) or eommuous (eg»%' tureen ci|irenci pet Aouri imotmi ui the climate 
ulu u* enpreunt relative to kvefoTbuinol nuichrt to Ddoc dunnj prcsmokmj occg- 
" * tquorts in the Itfipanrl eljijwfincyoft ft* nontmokinf occupancy for com pin ion. 
<tper otcupoAi undf tmokinf coodmoruVcfera to imoien. who wen the only occupants 


r. Stunt: Repnmcd with pem 
rcquirtmcrm in bgildings-t 
. Perjamon Press PLC. 


n Atmotphtric Cm-mnmtm 17, Cain W. S ei 
1 of occupancy odor and tobacco smoke odor. 


usly. perhaps a more rbafistics2enario, then the raie would need to 
5 _ ill unachievable 250 cfm per occupant. The maximum achievable rate 

for 'Jl^^tlcsign occupancy in a mechanically ventilated space will usually equal 
cfm per occupant, although a generous allotment of space per person can 
Incr ffiia*sf^%t value. 

however, seems less concerned about the odor of ETS than the 
mokers as a group seem satisfied with about one-quarter of the 
needed by a group containing a typical proportion of smokers and 
^ftsmokers. Hence, a rate of 60 cfm per occupant in smoking areas may almost 
?'*** 'he customary AS HRAE criterion of a maximum of 20 percent dissatisfaction 
lw * group of smokers. The data from the investigation suggest that under typical 
^itions of smoking occupancy (10 percent smoking at any given time), non- 
^°ken would need over 100 cfm per occupant to hold dissatisfaction at only 20 
Kent, We do not know whether the difference between smokers and nonsmokers 
wis olfactory sensitivity to ETS or other criteria. 
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VentUotion Rate per Cccuponf (cfm) 



Ventilation Rate per Cigarette (ft 3 ) 

F*gurc 6.3 Percent disutufactioft among visiiori venui ventilation during the Jut IS minute* of 
imokmg m the eipenmcau khowo in Figure 6.J. The ventilation rtvc pet cigirttie w m 1.5- 
mtnuic smoking lime per cigarette. The ventilation me per occupant UadjulirdtotypicatcondiiioMof 
smoking occupancy in which 10 percent of cxcupuiU will be smoking at any given time. Source 
Repnmed wuh perron non from Atmospheric E*wo*mem I?. Cam W. $. «ii}., Ventilation require- 
menu in bvikflinfi—]. Control of occupancy odor and tobacco smoke odor. Copyright 1913. Per 
gimo<v Pte« PLC. 

Clausen and co-workers (1986b) found similar differences in tolerance of ETS 
odor between smoker? srvd nonsmokers. For any given level of odor (expressed as 
concentration of butanol), nonsmokers expressed much more dissatisfaction than 
smoker?. For both groups, odor intensity and dissatisfaction were associated, but 
the relationship was sleeper for nonsmokers. At the point at which 20 percent of 
the smoker? expressed dissatisfaction, almost half of nonsmokers were dissatisfied 
with the air quality. 

In a laboratory situation in which other sources of combustion can be elimi¬ 
nated. COcan serve as an index of the level of ETS. Clausen related dissatisfaction 
to concentration of CO in ETS as well as to matched level of butanol: m the 
experiment, odor intensity and the increment in CO concentration due to smoking 
were strongly correlated. The concentration at which 20 percent of the nonsmoker? 
expressed dissatisfaction fell about eight limes below that at which 20 percem of 
the smoker? expressed dissatisfaction. 

As ETS enter? the atmosphere, its many chemical constiiuemsfeact both chemi¬ 
cally and physically with each other and with surrounding materials, Nevertheless, 
the odor of ETS behaves over short time periods as though ETS were a stable 
contaminant. After the source has been removed. ETS odor decays in a manner 
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entirely predictable from ventilation rate (Clausen et al. 1985). In Ibis respect, it 
diS^lflim occupancy odor, which has a half-life of 55 minutes, presumably 
diuttteafby slow oxidation of chemical constituents into less odorous products 
‘Q^scfeeiial. 1986a). 

Standards for ventilation have focused on the reactions of the visitor to a space, 
rather than those of the occupant, on the assumption that the visitor will be more 
sensitive to. and hence more critical of. the contaminant than the person who has 
^apted to it. On the other hand, a focus on the visitor may not adequately address 
Station, which is an important time -dependent sensory response of Ihe occupant. 
Whereas air containing an irritant may initially be only slightly irritating, it may 
^come intolerably so over time. 

figure 6.5 illustrates the time course of eye irritation experienced by occupants 
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Fi{ore 6.5 Perceived wjjnnuit at eye immion end dc|rcc of itmtiifKiion trprciied by occupants 
eipoiob la ETS foe an hour. Cooceniniioeu of CO were held coonuit ttirou shout the eeposuret and 
indicate teventy ofeipature Filiraiuui retro laclimiuiroA of pviiclet viacleeuxKiiticprccipiuhoti. 
Filtration hid little effect on imuuon.iourcf. Rtpnnied with penniiiioh (TomjUmajpheitr ffoorwi. 
men; 21. Cam W. S. till.. Eoviraoinemil tobacco imcAe: Seiuoryrucuatu of occupants Copynfhi 
IW.Perfanion Press PtX. 


exposed to ETS at constant concentrations of 2 or 5 ppm of CO, used as an index of 
ETS concentration (Cain et al. 1987). The lower concentration led to slight, 
although statistically significant, irritation above the preimoking baseline. The 
higher concentration led to irritation that increased overtime in sensory magnitude 
and caused an increasing degree of dissatisfaction. Whereas essential ly none of the 
occupants found the irritation objectionable at Ant. by the end of an hour about 30 
percent were irritated. In an extension of this study. Clausen. Mailer, and Finger 
0987) found that a level of 20 percent dissatisfaction would occur at a concentra¬ 
tion of 3.8 ppm of CO. A comparison with the odor judgments of visitors suggests 
that only imokets would find such a level tolerable by the ”20 percent rule." 
Clausen. Miller, and Finger (1987) estimated that the ventilation rate necessary to 
control irritation of occupants to a dissatisfaction level of 20 percent would equal 
onlyonC’tenthof that needed to control odor perceived by visitors to the same level 
of dissatisfaction. 

Although Clausen and co-workers did not argue in favor of lowering ventilation 
to meet only the dissatisfaction of occupants, others have suggested this approach 
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I el al. 1984). Cain and co-workers (1987) cautioned against handling ir¬ 
ritation and odor in the same fashion. The appropriate ness of applying the 20 
enypjle to dissatisfaction based on irritation alone, as it is applied todissatis- 
isrbased on odor alone, has Seen questioned. Whereas odor may be inter- 
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r 1984). Comparison of (he right and 
m of the particulate phase had only a 
at 2 and 5 ppm carbon monoxide 
or judgments of odor and of nose and 
gfcr(l987) confirmed these results. In 
gt panicles played essentially no role in odor, both investigations also 
codg^gjjjS Clausen and colleagues' (198S) earlier experiments with visitors. Parti- 
«lc|ftltration holds no promise for immediate elimination of the discomfort of 
*Mg**SS!ifo ETS. The major advantage of such air cleaning derives from reduction 
of hAZtand collection of tar that would otherwise adsorb elsewhere in the space. 

oth the odor and irritation of ETS come from the vapor phase, the 
stiruents responsible for these two effects may be differem. Undoubt- 
ihe odor comes from a very large number of constituents. The sense of smell 
^ponds to almost all airborne organic materials present in sufficient concentra¬ 
tion (Cain 1988), For one substance, however, a "sufficient concentration" may 
1,11 » millionfold below that of another. Furthermore, individual constituents may 
twnbme perceptually in mixtures in complicated, nonlinear ways. 

M?nv single compounds can cause irritation at the concentrations present in 
"8. which represents a complex mixture with numerous components capable of 
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causing odor and irritation. Little is known about the effects upon perception of the 
combination of ETS irritants although it is known that odor and imtation interact 
(Cain and Murphy 1980). Irritation can suppress the perception of odor and vice 
versa (Cain. See. and Tosun 19861. Insofar as irritation may have a less complex 
origin than odor, it may offer easier opportunities for control through filtration. As 
yet. however, experiments on ETS have told more about what Fails to cause 
irritation than about what causes it (Weber. Jermini. and Grandjean 1976; Webet- 
Tschopp. Fischer, and Grandjean 1977; Weber-Tscbopp et al. 1977; Hugod. 
Hawkins, and Astnrp 1978). 

The complexity of ETS more or less assures that almost any means of air 
cleaning will eliminate pan of it even though no simple procedure will climiraie all 
of it. Through the use of air washing that presumably eliminated some water- 
soluble constituents of ETS. Clausen. Miller. and Hanger (1987) achieved some 
reduction in level of dissatisfaction although not in the perceived intensity of ETS. 
The results offered liitle encouragement for using tir washing alone but showed 
that the odor character of ETS can play tome role in the degree of acceptance. 

A combination of paniculate air cleaning and vapor phase cleaning via adsorp¬ 
tion on activated carbon or via chemisorption on oxidant-impregnated alumina can 
likely control both the irritation and odor of ETS to some degree. Unfortunately, 
standards for assessing the efficacy of vapor phase filtration media have not been 
developed. The installation of such media occurs more commonly in special 
environments, for example, libraries and computer facilities, under expen guid¬ 
ance than in spaces designed for general occupancy. In the overwhelming majority 
of cases, attempts to control ETS rely on ventilation (dilution). As shown by the 
experimental studies, however, ventilation has limitations. 

SUMMARY 

The effects of active smoking and the toxicology of cigarette smoking have been 
examined comprehensively. The periodic reports of the U.S- surgeon genera) and 
other summary reports have considered the extensive evidence on active smoking; 
these reports have provided definitive conclusions concerning the adverse effects 
of active smoking, which have prompted public policies and scientific research 
directed at preveniion and cessation of smoking. 

Although the evidence on involuntary smoking is no( as extensive as that on 
active smoking, health risks of involuntary smoking have been identified. The 
1986 report of the U.S. surgeon general (U.S. DHHS 1986) and the 1986 report of 
the NRC (NRC 1986a) both concluded that involuntary exposure to tobacco smoke 
increases respiratory infections in children, increases the prevalence of respiratory 
symptoms in children, reduces the rate of functional growth as the lung matures, 
and causes lung cancer in nonsmokers. Involuntary smoking may also adversely 
affect asthmatics, and annoyance and irritation are well documented. These ad¬ 
verse effects of involuntary exposure to tobacco smoke have provided a strong 
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njunale for policies directed ai reducing and eliminating exposure of nonsmokerj 
^KHS 1986). Complete protection of nonsmokers in public loca- 
ti^'and the workplace may require the banning of smoking since the 1986 report 
ofthe.su rg.^jn general (U.S. DHHS 1986) concluded that‘'the simple separation of 
nd nonsmokers within thtf^ixriieyyg space may reduce, but does noi 
&e exposure of nonsmok^^S^wjronmental tobacco smoke." 
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tion among many passengers and flight crew that flying 
thy. Respiratory complaints are among the most 
rospect of being confined to a small noisy space 
, conditioned air at pressures comparable to that at 
thing we endure as a necessity of modern travel. Most 
ocumented hazards of increased exposure to ozone and 
the also real possibility of airborne infection, 
oration of aircraft have recirculated air to reduce the cost of 
Ration has only heightened those concerns. In recent 
ocieties have revised ventilation standards towards 
n of dissatisfaction with previous codes. On the other 
ally reduced the fresh air delivery capacities of the 
Us). Passengers and cabin crew on a plane nearly full 
the outside air per minute per person recommended for 


iere is a gener 
lercial aircraft is 
}n. For many of 
(“2 m 3 /person) and br- 
altitud es up to 8000 feetp 
oMC unaware of the real 
radiation, exp^^Sonce; 
PiSMedge thfM new 
providing 100‘3P$iidoor 
arofessional engim 
Sing fresh air in re 
aircraft designs ha: 
^omental control u 
icity receive less 
! schools. 




Reduced amoun 
Teased risk of 



joor air do not necessarily translate to poor air quality 
cleaning and removal of pollutant sources mitigate 
the effects of decreasing dilution air. Even with recirculating ventilation systems 
otyg&a is not depleted, nor does caibon dioxide increase to levels that interfere with 
respiration. Of concern, however, is the adequacy of the strategies used (i.e., recircula- 
id filtration) to offset the effects on air quality of reducing the amount of outdoor 
^ced. The effectiveness of filtration is based on the efficiency with which 
ressvghf^particles and gases are removed from the recirculated air. This efficiency is 
determined by the type of filters, air flow through filters, and by the pattern and rate of 
air movement in the cabin. However, the practical effectiveness of the ventilation system 
is ultimately determined by the human response and, therefore, includes additional 
characteristics of the cabin environment, such as air mixing, direction of bulk air Dow, 
temperature, numidity, draftiness, turbulence, and odors in addition to actual 
contaminant levels. 
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Using a band-held portable dust collector fitted with a cloth collection bag, dust 
from the carpet and seat was collected on 16 flight segments, Samples were collected 
over approximately 4-5 minutes and yielded up to 2 grams of dust Large particles were 
removed by sifting the dust through a 425 pm mesh sieve. Portions of this dust were 
sent to VESPA Labs for cat and mite antigen testing. A portion was retained for fungal 
and endotoxin testing.. Fungi were recovered by suspending the dust in an aqueous 
solution and spread plating the suspension onto malt extract agar (MEA) and incubating 
room temperature for 5 to 7 days. Fungi were identified to genus and reported as 
fungal CPUs per gram of dust Endotoxin levels in 6 dust samples were analyzed by a 
Hinulus-based method developed for analysis of environmental samples. Details of 
laboratory procedures are reported elsewhere. 


During the cryjpjp^od of six flights* 2-hour long integrated air samples for 
C analysis were clnected using Summa stainless steel canisters. Canisters were sent 
erformance Anal^tis^L lpc. where they were analyzed according to EPA’s TO-14 
‘/MS for 55 volatil|:^^a&ic compounds. Using a GC/FTD, 50 compounds were 
.mined which were considered to be ozone precursors in urban air. An additional 15 
pounds were qus^^df 

In a related survey, we have deployed passive ozone badges (Koutrakis et al. 




ical Chemistry 
otocol vj^^over 
egrated ; jc« 0 »e con 

ght) agfijeri 

aircraft wasOylng ovi 
plane were moni 
arvard laboratories ai 


ULTS 



^214; 1993) on close to 100 trans-Pacific flights. The study 
of the year-long investigation, providing information on 
atibns over the duration of the flight (up to 15 hours per 
ihprt as 3 hours. The three-hour segments were when the 
eutian Islands. On several flights, up to four locations in 
e badges were analyzed by ion chromatography in 
Ing to established protocols. 



During cruise,y§v$||ge carbon dioxide levels on flights with partially recirculated 
r were up to twice tfslpvhls measured on planes with 100% outdoor air systems. C0 2 
raged 1500 ppm daar.f-gd|ights with recirculation indicating that each passenger was 
reiving 8-10 ctin outdoor air. During the flight on which we operated two C0 2 
nitors, the C0 2 concentrations in the rear of the coach were higher, suggesting a 
ont to rear movement of air. An additional 6 flights will be examined to see if this is a 
sistent finding. During boarding and deboarding C0 2 was substantially higher than 
ring cruise, with levels of 2000 ppm to 2500 ppm being typical. The boarding and pre- 
ff process varied in duration but usually lasted 30 minutes + 15 minutes. In 
addition to C0 2> both relative humidity and temperature increased during boarding and 
deboarding. Conditions improved when the ECUs started to operate. Temperatures 
were comfortable, 73°+2°F, during flight but, as was to be expected, the air was quite 
dry with relative humidities in the range of 10% to 20%. Planes with recirculating 
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All dust samples had measurable quantities of cat and mite antigen. Der pi, the 
common mite antigen of the Northern U.S., ranged between 0.1 and 1.9 ^.g/g. Fungal 
levels in dust were within the range commonly found in homes. Yeasts were more 
abundant in aircraft dust than is usual for other public environments. Endotoxin 
concentrations were recovered from dust in levels ranging from 150 to 450 EU/mg. 
These levels are within the upper range for house dust, and the mid range for cotton 
list, a known source for disease-causing endotoxin aerosols. 


1ISCUSSION 



Conclusions 
imprehensive. F< 
dy by Wilson et 
mestic crew menfbe 
ce the previous 
8 mSv annually, 
ore radiation tha; 


this survey should be considered preliminary, and not 

le, we did not sample for radiation or pesticides. A recent 
(Health Phy 66[5}:493-502; 1994) reported annual radiation dose to 
^between 1.0 and 1.8 mSv which has increased in the ten years 
They calculate that the international crew might receive up to 
fid expect the crew of North American carriers would receive 
lian crews because of latitudinal differences in routes. 




Further, nei&fppjif survey nor any other study that we have found has 
adequate ly ch aracterized exposure to infectious agents (viruses, TB, etc.) Sampling for 
' "" "nts ispwllinatic because of variability in sources, the low level of 

xposuref’lMSSfcssa ry J§%ause disease, and difficulty with sampling methods. Nevertheless, 
I Disease Control findings on a tuberculosis case study and 
ission of infectious viruses on aircraft (Moser et al. Am J 
'^^conditioned barracks (Brundage et al., JAMA 259[14]:2108- 
rsue this issue further. 


jiven 

|>ther reports abou 
%sm£pide>riiol 110 : 1 - 6 ) 
U12), it is importa 



We can condhnftrthat ASHRAE 62-89 ventilation standards for offices are not 


eixtg met in airpl: 
onditions. Filtrai 
control may be e 
however, we foun 
oarding. The au 


recirculating ECUs. This does not necessarily imply adverse 
n can effectively mitigate some potential exposures and source 
br agents that are not shed from passengers and crew. 

^^ti|e lowest outdoor air amounts were during the period of 
iJary pbwer units and ground ventilation systems appear to be 
sufficient to adequately ventilate planes. It is at these times that people aie most 
ikely to be actively stirring up dust and shedding bacteria, spores, and allergens from 
lotbing and skin. 


I None of the volatile organic compounds (VOCs) found on-board the airplanes in 
tills limited study were in sufficiently high concentrations individually to explain reported 
problems. The concentrations of total non-methane hydrocarbons is quite high and 
exceeds the concentrations associated with sick building complaints of eye and mucosal 
irritation. The mixture of VOCs is quite different on planes than reported for other 
environments with ethyl alcohol being the single most abundant compound. The mixture 
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In our separate ozone survey, we found that, although the aircraft flying the 
Pacific routes were thtortcicaUy equipped with ozone destroying catalytic filters, our 
results clearly show the presence of elevated ozone. A substantial traction of the flights, 
between 10% and 20%, had either the three-hour or flight-integrated ozone levels 
exceeding 100 ppb. Prolonged exposure to ozone at these levels has been shown to 
reduce lung function and cause eye and airway irritation. Human data suggesting 
cf ronic effects of ozone is insufficient to say with certainty that permanent damage is 
occurring. However, tests with animals show that chronic ozone exposure results'in 
tissue damage, loss of elastic recoil, and increased collagen deposition at the bronchiolar 
glvel. 



NCLUSION 

Some flight af 
tidings syndrome 
jgbts. Our survey o 
|ve provided some ' 
work is needed (I) t{ 
air travel, (2) to di 
aluate efficacy 


DGEf 





and passengers complain of symptoms associated with sick 
cases of infectious disease assumed to be acquired on 
?d with a previous DOT survey and data from the literature 
explanations for some symptoms. However, additional 
ier the actual rate of discomfort and disease resulting from 
pcposure (with air samples) to dust-borne endotoxin, and (3) 
ial measures (e.g. improved cabin maintenance) that might 



‘'v t 

The survey was "spoored, in part, by ABC News for 20/20. We appreciate the 
ntribution, service^^tfadvice of Michael Tuday of Performance Analytical, Inc., 
avid Kamen of Sof&wes^Rcsearcb, and Alfred Stolberg, President of Metrosonics, 
c. The design, cod'tenCahd interpretation of this survey are the responsibilities of the 
arvard faculty and jsjaj&ia &estigators. 
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Mr, 0BER5TAR. The subcommittee will resume its hearing. 

We welcome Dr. John Spongier, Harvard University. Mr. p avi i 
Halfpenny, member of the Committee on Space Station Freedom. 
Dr. James Cone, Department of Medicine, University of California. 
And Ms. Sue Ludwig, flight attendant. 

Welcome to all of you. Thank you for your patience. We begin 
with Dr, Spengler. 

TESTIMONY OF DR. JOHN SPENGLER, DEPARTMENT OF ENVI¬ 
RONMENTAL HEALTH, HARVARD UNIVERSITY, SCHOOL OF 
PUBLIC HEALTH, ACCOMPANIED BY DR. HARRIET BURGE, 
PROFESSOR OF MICROBIOLOGY, HARVARD UNIVERSITY; 
PAUL HALFPENNY, MEMBER, COMMITTEE ON SPACE STA- 
“JON FREEDOM, DR. JAMES E, CONE, MEDICAL CONSULT¬ 
ANT, ASSOCIATION OF FLIGHT ATTENDANTS; SUE LUDWIG, 
FLIGHT ATTENDANT 

SPENGLER, Thank you, Mr. Chairman, 
my right and left are two of my co-committee members from 
National Academy of Science Committee on Aircraft Air Qual- 
id Safety, where we delivered our report in 1966. 
is almost like what Yogi Berra stud, it is deja vu all over 
i, because we are finding out that many of the recommenda- 
s we struggled with and thought very thoroughly about are still 
re us. They are still not being Implemented. I think we are 
in & better position with regard to empirical data to come 
to underscore many of those recommendations. 

I_am Professor of Environmental Health at the Harvard School 
hlic Health, and I am accompanied by Dr. Harriet Burge, Pro- 
or of Microbiology also of Harvard. We continue to have an ia- 
st in air quality on airplanes, and even after our efforts on the 
onal Academy committee, we continued to do our own surveys 
ing at particles, ozone, carbon dioxide, temperature, humidity, 
radiation aboard commercial aircraft, 
a fact, Sue Ludwig will talk about a year-long study we partici- 
d in and our laboratory supported which investigated ozone in 
raft cabins on transpacific flights. This is very important data 
should take a look at. 

i November of 1993, Dr. Timothy Johnson, the medical reporter 
ABC News, asked for our assistance. For that effort we were 
a independence to design and conduct a survey on commercial 
raft, which we did between March and April of this year. The 
executive summary has been provided; which, gives our findings 
and recommendations to date. 

We are not going to discuss our results in detail as it is already 
on the docket. But we would like to answer questions that our sur¬ 
vey may bring to mind among the Committee Members. In a few 
minutes I will highlight some of our points of view and rec¬ 
ommendations. 

Despite the prevailing assumption among the flight crew and 
passengers that they are at risk from illness, reproductive prob^ 
Jems, and from cancer, we still do not have a thorough study o 
prevalence. The NIOSH birth outcome study of female flight at¬ 
tendants is a very important effort, but it wiu still be three or four 
years before the results of that study are in. 
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Lung function changes are physiological miracles that can be 
studied at a much greater pace, bo the results could be available 
much sooner, This need# to be done because we don't know the fre-1 
quendes of illnesses. And case-control studies of cancer among the J, 
cabin crew and the pilots are needed desperately. 

I just want to point out that radiation has taken on a new sig¬ 
nificance. There is a recent article published by Wilson, et aL in 
Health Physics this month about a study which looked at radiation 
exposures to the pilots and crew of Australian Airlines. They indi¬ 
cated that the exposures hare increased over the previous 10 years. 
Also the exposures are higher in the cockpit than in the cabin of 
the airplane. By extrapolation, and because of the kinds of routes 
' ' ‘ irican crews flv, the radiation exposures of U.S. crews 

higher than their Australian counterparts. They didn’t 
that conclusion from their results, but I do. They also go on 
the exposures could be. five times the recommended 
general public, which is one milli-sievert (MSV) per 
_ ;tf over live years. They strongly recommend that the 
ial exposures of 20 milli-sievert (20 MSV) per year are 
pri&te for this occupational group. They recommend aome^v 
j 5 milli-sievert (5 MSV) per year. Even at 6 MS® per 
riak of cancer is one in 4,000, which is actually tugher 
we require for Superfund cleanups, 
to do this as a duo and have Dr. Burge talk and amplify 
ihese points. I will come back then with a few simple 
ithat the airlines could do and the manufacturers could do. 

. 3E. Thank you. 

It is impossible to deny at this point that a problem exists 
lair quality in aircraft, otherwise we wouldn’t be sitting 
dy of the complaints that we are hearing or that I have 
that stimulated our survey are similar to those that 
nee buildings (sick building syndrome and building-relat¬ 
ed mnesfij. These are conditions that have been shown, at the very 
least, to reduce worker performance In office buildings. 

INasrt some epidemiologic evidence for correlations between 
sp^ffiemeasures of air pollutants in office buildings and Borne of 
th^Wptbms we have lien hearing about. For example, levels of 
carh^olixide in excess of 800 parts per million are, in fact, cor* 
ralllSS^mth symptoms of increasing complaints of sick building 
syndrome. 

There is some evidence for a correlation between the presence of 
organic dust in office environments and symptoms of sick building' 
syndrome. There certainly is strong evidence, as well as a good the¬ 
oretical basis for an Increase in Infectious disease transmission in 
crowded environments with reduced fresh air ventilation. 

The OSHA proposed regulations are specifically designed to ad¬ 
dress some of these issues. There is clear evidence in airplanes 
that, for example, carbon dioxide levels are well within the range 
in which sick building syndrome symptoms occur. In our study, as 
well as in the ATA studies and the GEOMET studies, carbon diox¬ 
ide levels were significantly elevated. We are not saying carbon di¬ 
oxide itself causes complaints, but it is a good indication in office 
buildings of increasing levels of health complaints. 
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Thare is evidence in aircraft for infectious disease tr&nsmis^® 
and, as I said earlier, there is good theoretical evidence to indicat € 
that increased ventilation will reduce the risk of transmission of in¬ 
fectious disease. For all three of the aircraft cabin air quality stud¬ 
ies that we have heard discussed today, the data is really very 
similar. It is the interpretation (that la, what the data is considered 
to mean) that differs. There axe two main reasons for these dif- 
ferencee in interpretation; C 

^Number one: We have heard a great deal today about risks in 
airplanes being equal to those in other environments. For example, 
risk of transmission of infectious disease is no different in an air¬ 
plane than it Is in a subway or an office building. But because risks 

4 re equal doesn't make them acceptable if the risks can reasonably 
e mi ni mized. € 

Number two: The absence of evidence of health effects associated 
^ritJh specific pollutants measured in aircraft doesn't mean that the 
effect isn’t there. It means that the studies have not been done, 
inhere is not one single study that measures or in any way docu- . 
Jaents health effects along with air quality measurements. All the 
Studies we are bearing about only report measurement of specific * 
pollutants. We haven’t heard about any study that correlates meas- J 
"urements of specific pollutants with health effects. Until we have j 

5 ajs kind of data, we are not going to know whether or not the air 
uality in airplanes is actually safe. ^ 

Thank you. fl| 

Dr. Spengler. Let me stress five actions that I think the airline^^ 
might do and the manufacturers might do. First of all they can j 
Emulate Swiss Air and dean their planes more thoroughly. We j 
"were amazed to find dust mite antigen and cat antigen in the air- j 
gjraft carpet, and seat dust samples, It was very easy to collect the i 
dust from carpets and seats. 

^ Mr, Oberstar. Expand on that. What does Swiss Air do and how 
«do they do it? 

Dr. SPENGLER. I refer to the passion for desnliness of the Swiss 
people. The point being that it is a maintenance practice, as well 
an attitude that comes down through the management to 6ay, 
""We are going to improve the conditions of cur planes and the thor¬ 
oughness with which we will dean our planes.” That is my point. 
Tt may not be exactly what Swiss Air does per ae but 1 will tell you, 
gpwiss Air has very thorough deaning procedures and requirements. 

' We found that without a doubt the highest COi concentrations, 
and possibly the highest potential for exposure, occurred during the 
hoarding and deboarding process. The boarding process alone can 
go on for a half-hour to an hour. And obviously it is the flight at¬ 
tendants who are in residence the longest under those conditions. 

We feel that the airlines ought to reexamine the ozone catalyst 
issue. And this will be amplified with the results that Sue Ludwig 
will discuss. There is now good evidence that the halflife of the cat¬ 
alyst used to remove the otoae from the cabin supply air is * 
fatiguing a lot sooner than what you would expect from the design® 
and maintenance. * 

There is a dear need to understand the internal mixing patterns 
of cabin air as a means of transmissions of infectious agents. This 
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is not well understood and I think there i6 a lot of misconception 
about how planes internally mix. 

Finally, I want to aay they ought to examine—this is the manu¬ 
facturers—I think they ought to examine particle filter efn- 
ciencies—what it is in practice, not just from design. Also they 
could explore the use of UV radiation, which is being used very ef¬ 
fectively as a control mechanism for killing TB and viruses in hos¬ 
pitals and other health care settings. This has possible application 
to aircraft. It may result in an extra safety margin, and should be 
explored. 

That is all I have to say, 

“ £r. Oberstar. Thank you very much. 

" _i “penny. 

f. Thank you, Mr. Chairman. 

jrry I didn't prepare any written presentation. 1 didn't un- 
this. I was confused, easily am, 

jsERSTAR. That is quite all right. We don’t need written tes- 
v scept for where there is some very technical documents* 
impanying it. I always appreciate a witness who comes to 
nittee and speaks from the fullness of knowledge. 
fpenny. Thank you. I will do my best. 

maybe I would start off by reviewing some of the pa- 
for fresh air ventilation on an airplane. You described 
well. Air is extracted from the compressor stages of an 
although the temperatures usually are lower than 1,200, 
600 or 700. It is then cooled through a precooler and goes 
| a heat exchanger and an environmental control unit, 
yis again cooled down to the proper temperature, say 30 de- 
150, whatever is required to heat or cool the airplane, 
hese functions are penalties to the airplane. First of'all, 
JE from the core engine is a fuel bum penalty, It raises the 
gas temperature about one degree for every 200 pounds. -It 
leinT'sound like much but they are running up near the limit, 
item. 


that is used to cool it is fan air, and that is a drag item, 
eat exchangers themselves have a drag item effect on ’the 
e! The motivation, of course, by the manufacturers is to re¬ 
el burn, and this is a very sensitive economic issue with air- 
uilders. A half percent difference in fuel bum makes them 
competitive or noncompetitive. When you are burning 12- to 14,000 
pounds of fuel an hour, a percent over 3,000 hours per year (be¬ 
comes an immense number. 





The other thing about this is that after this air goes into the 
cabin, it is distributed, and Mr. DeFazio brought up a point or one 
of the gentlemen did about how effective it was. I believe it was 
the Chairman who asked a question about how effective it is. 

This is something that is probably ignored by most designers, 
ASHRAE deems effectiveness is 100 percent. You say, Well, I am 
going to put 100 CFM of air into the unit and there is 1 CFM of 
contaminant per minute, you will have 1 percent. But that is only 
if it is well mixed. You can have local concentrations. 

I did some analysis of some data and ‘.aiked to Dr. Burge about 
it. We tend to agree on this, that the effectiveness in cabins ap- 
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radiation doses received by the crews of jet 
aircrajiCTave stimulated considerable interest and de- 
bate^Maviation industry, the scientific community, 
indfcyJli authorities responsible for the regulation of 
dos^(fmf% Prior to the introduction of Publication 60 
of t ft^jjwp tional Commission on Radiological Pro¬ 
tection (ICRP 1991), the dose limits that were generally 
accepted for flight crew’s were those appropriate for 
public exposure. Flight crews were not considered to be 
radiation workers because they were neither employed 

1 ’ Australian Radiation Laboratory, Lo^cr Plcniv Road. Yallim- 

t hie, V)C 3085, Ausiralia. 

r {Manuscript rteerrtd 1 7 December 1992: rinsed manuscript 
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nor irained to have any direct involvement with radia¬ 
tion sources. Dose estimates for some crew members 
who fly for many hours a year at high altitudes and 
high latitudes could exceed the limit for public expo¬ 
sure. As these doses were received occupationally, the 
argument was presented that the dose limit for occu¬ 
pational exposure should apply to flight crews (Barish 

1990) . 

Cosmic radiation is natural background radiation 
and previous criteria excluded this from dose assess¬ 
ments. The doses received by crews represented a non¬ 
trivial population dose, considering the large occupa¬ 
tional group exposed worldwide. It would have been 
difficult to ignore these doses on the grounds that they 
occurred due to exposure to natural background radia¬ 
tion. Reasonable arguments existed for assessing the 
doses to flight crews by using the limits foreither public 
or occupational exposure and for and against the inclu¬ 
sion of the cosmic doses. In addressing these issues, 
ICRP recommended that there should be a requirement 
to include exposures to natural sources as part of oc¬ 
cupational exposure only in specific cases, of which the 
operation of jet aircraft was included, and that, in 
practice, occupational dose limits arc applied to all 
occupational exposure. ICRP essentially placed flight 
crews into the occupational exposure group and rec- 
ommendtd that the new 20 mSv annual dose limit 
should now apply. 

The recommendations made in ICRP 60 (ICRP 

1991) resolved many of the issues but raised others in 
doing so. Recent increases in the perceived risks from 
exposure to ionizing radiation resulted in the general 
reduction of dose limits. Present ICRP estimates indi¬ 
cate a risk of I in 20,000 of developing a fatal cancer, 
per I mSv effective dose. The recommended limit for 
those involved with the operation of jet aircraft, now 
being al least four times that previously accepted, is in 
marked contrast to the downward trend. The dose 
limits applicable to flight crews since 1966 are shown 
in Table 1. Although exposed at their work place, crew 
members clearly could not be described as radiation 
workers. In the absence of an alternative exposure group 
designation, the assignment of flight crews to the oc¬ 
cupational exposure group was necessary because the 
doses received would have exceeded the new ICRP 60 
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Table I. A chronological review of ICRP recommended dose 
limits applicable to flight crews indicating that, although 
v public and occupational dose limits have reduced substan¬ 
tially^! recent years, the new limit recommended for flight 
CTtwsJt at least four limes the previous limits _ 

Annual limit Recommended 

Exposure group finSv) publication Reference 

™Sk 5 ICRP 9 ICRpT966 

Public S ICRP 26 ICRP 1977 

Public I* JCRP4J ICRP 1981 

j^ieupatioiHl 20* , 1CRP60 ICRP i>?l " 

„yffoj|nc average |e.g., 2 mSv for a ?0-y lifetime). 

sSjiiifireviOUS ICRP occupational li^'ffvRr-1971) *u io it,$v. 


^ f I 

Dbbl#limit of 1 mSu y' 1 , fes^b^ Qver 5 y. These 
^g^would not be a problem if dose) u-sre independ- 
limits, but if that wer^gfctfgp; would be little 
npiMHin setting limits. The jpeedpTp omply with the 
earlier dose limits put con$JiiiSillpres$ure on the 
Ration industry to minimize do«|. and to investigate 
Practices that cofwBp»% in unnecessary 
iifB'se inifcases may nqw occ^bgcause of the increase 
|SiSSfedose limi§sS$tl£|he ease of compli- 

™™The jittere d of in e AusIfTfib Radiation Labora¬ 
tory (ARL) ifr tw’wmic tap!^Ka|oses received by 


'he iruef.esL^.f .i.ije AusfeaTTah Radiation Labora- 
ARL) wtfirwSmie tajgi^SSSoses received by 
brews was first stimulated in 1?|2 by requests for 


» from the aviation indd^tipp^Fitt particular areas 
x am were the doses received-fey Australian flight 
4$|ws|ihe associated risks, a^^p^tpropmte appli- 
of recommended doseNwmtJ^s there were few 
,#heas"qred data in the souther^hmisphere, a survey of 
tijgfjSrases to Australian rnremaiion^l and domestic 
^WiT*""' was carried out i&siSM^v83. The aim of 
ffiaf||rvey was to test compltwrwtth the dose limits 
W^^dmendcd at that timc| s£iihaiag ig to the reconn- 
gggggg&d dose limits, deregulation dime industry., and 
tdvarg emems in aircraft d esi^a : ath d performance 
prompted a second survey ofcomesttcxrews which was 
eSrir^d out in 1991. The results of these surveys are 
p^psfted with a view to the following: 

.addressing the concerns expressed in the aviation 
industry; 

© evaluating practical methods of assessing and 
minimizing the doses received by flight crews; 
wlermining the relativity of the cosmic dose 
rates in the northern and southern hemispheres; 
• investigating the influence of technical advance¬ 
ments in aircraft design, on the doses received; 
and 

* exploring the implications of the new ICRP Pub¬ 
lication 60 (ICRP 1991) recommendations. 


MATERIALS AND METHODS 

Cosmic radiation consists of high-energy charged 
panicles—protons (87%), alpha (11%), heavy nuclei 


(-]%), and electrons (~I%)—of galactic and, solar 
origin, and their atmosphere interaction products— 
high-energv muons, electrons, photons, and neutrons 
(N’CRP 1975, 1987; NAS-NRC 1986). Most of the 
primary radiations are absorbed in the upper atmos¬ 
phere, leaving the secondary muons, electrons, and 
photons (often referred to as the ionizing component), 
and the neutrons. 

The cosmic radiation doses received by flight crews 
vary as a function of altitude, latitude, aircraft construc¬ 
tion, solar activity, and exposure period. Most domestic 
flights within Australia range between 12 and 43 degrees 
south latitude at altitudes up to 13 km. Australian 
international flights are between 43 degrees south and 
53 degrees north latitude at altitudes up to 14 km, The 
lightweight construction of an aircraft fuselage provides 
little shielding from high-energy cosmic radiation but 
shielding by components such as instrumentation, en¬ 
gines, and fuel may be significant. The wing loading, 
engine thrust, and fuel economy deiemrine the opti¬ 
mum cruise altitude and speed of an aircraft, which in 
turn determines the dose rate and exposure period. 
Diuma! variations in the solar component of cosmic 
radiation, solar flares, and the solar cycle can add time 
dependence and uncertainty to cosmic radiation mea¬ 
surements. The measurement strategy was designed 
to allow for such variables. 


Dose rate measurements (1991 domestic survey) 

The ionizing dose rates were measured as a func¬ 
tion of altitude and latitude across Australia. The mea¬ 
surements were made by use of two Studsvik Gamma- 
meter 24I4A radiation monitors. These monitors had 
large scintillator detectors which had appropriate sen¬ 
sitivity and energy response for cosmic radiation mea¬ 
surements. The energy response of this monitor is stated 
by the manufacturer to be within 10% of she true value 
from 45 keV and 4 MeV. The monitors were tested and 
calibrated prior to taking the measurements. The cali¬ 
bration method was traceable to the Australian expo¬ 
sure standard held at ARL. 

AH measurements were made on scheduled do¬ 
mestic passenger flights. Flights with significant nonh- 
souih directions were made to determine altitude and 
latitude effects. Flights with significant easi-west direc¬ 
tions were made to observe other elTects. Concurrent 
measurements were made in the cockpit and passenger 
eabin. Altitude and position readings were taken from 
the altimeter and navigational instruments on the air¬ 
craft throughout the flights. The time of every measure¬ 
ment was recorded so that the cabin and cockpit results 
could be correlated. All of the cockpit measurements 
were made at a position directly behind the pilot. The 
cabin measurements were made at one location per 
flight. The location in the cabin was changed for differ¬ 
ent flights so that variations in dose rate could be 
observed. Between flights, the monitor used in the cabm 
was intercompared and interchanged with the one from 
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•he cockpit to ensure that observed differences in dose 
.ate were not insiniment-relaied 

Personal monitoring (1991 domestic survey) 

One hundred ionizing and 20 ionizing-neutron 
peponai monitors were used in the survey. The mea¬ 
surement period was from 20 November 1990 to 22 
MW^^J^Each monitor was exposed for 3 mo during 
the measurement period. Two domestic airlines each 

S ialf of the monitors. Measurements were 
jnction of flight path, aircraft type, and 
r occupation. The monitors were carried 
by .crew p|mbers, except for thoje used for monitoring 
ai^jrafp^ch were installed in ftev cabig and cockpit 
of p^ $i B |nated aircraft. The p^pB^tonitors were 
allocated as shown in Table 2. Throetails of every flight 
the exposure periodtj-were'i^ corded. Each 
flight recot^ included the date. a|?yf tfyyb e, departure 
po gpyfflil port, departure timep§i&il| lime, period 
ofas^^period at cruise altitud<^.,perigd of descent, 
anPiP$|ii$e altitude. A total |orpBf flights were 
recorded. ^aaBfosaa| 

The ionizing personal monitors consisted of a plas¬ 
tic hffi fafr ihat contained a CaSC^^^rmolumines- 
ctnt doSrne^r (TLD) card. Enemyjflscrifnination was 
provi^K^v four fil ^Mti egions^te^rd. The area 
fthra ^^ap r the TAh-ene'rgv response 
mpdh"i>nile monittjj,w||used. ^h^proyided reason* 
ile dose assessml^iiiifwNh min§iillilS|itivity to the 
ra d^ &ftii&orn baggage x-ray un its. Moni tors that had 
inadv foutati v passed through ba||||Pli^y units were 
deteCTopiyv analysis of the Altered regipss 

t£L';|s n;zing-neutron mci^jofs^cpn sisted of a 
plastig^mder that contained S“'T2T7%im-diameter 
CaSC^D^TLD disk and a CR-3H>tesrits$isk of similar 
diameii^The TLD disk was used tolmeasure the 
iomzSipromponent while the (jliiglfk was for the 
neuu$gggsthe monitors each co iuameda copper filter 
foyfe£X|JP disk that gave it a unfrwplTiergy response 
atw^Hf^rgy cutoff which mir£m|jgyhe doses from 
inadvS^frt exposure in bageage^W'ffiiits. The CR- 
39 dijj^S&s unfiltered, apart from the thickness of the 
plastf^j^der. The monitors were calibrated by corn- 
pans^ with the Australian exposure standard held at 

A||U|dicaied in Table 2, the 20 ionizing-neutron 
monfbr?>e« installed in the cabin and cockpit of 
varioSPlfwIifi. Each ionizing-neutron monitor was 


Title I. Allocation of the ionizing (TLD) and the ionizing/ 
neutron (TLD/CR-39> personal monitors in the 1991 survey. 

Subject TLD TLD/CR-39 


Plastic^ 

CaSOflrDv 

diam^r 


Subject 

TLD 

Cockpit cicw 

30 

C»bin «cw 

<0 

Aircrsft cockpit 

10 

Aircraft csbui 

10 

Flight pnh 

10 


accompanied by an ionizing monitor so that a compar¬ 
ison of the results from ihe two monitors could be made 
and so that exposure in baggage x-ray units could be 
detected. The primary functions of the ionizing-neutron 
monitors were to determine whether or not CR-39 was 
a viable neutron detector for cosmic radiation measure¬ 
ments on aircraft and, if so, to use them to estimate the 
relative dose contributions from the ionizing and neu¬ 
tron radiations. 


Personal monitoring (1982-1983 domestic and 
international survey) 

TLD personal monitors were worn by 47 domestic 
flight crew members in the 6 mo between 2 January 

1982 and 2 July 1982. Both cabin and cockpit crew 
were monitored. Six international and six domestic 
crew members were monitored continuously for the 12 
mo from 1 May 1982 to 28 April 1983. Each monitor 
was exposed for 3 mo and then replaced Flight details 
were recorded for the 6,600 flights taken by the crew 
members during the exposure periods. 

The monitors used in the survey were of similar 
design to the ionizing-neutron monitors previously de¬ 
scribed, except that a second TLD disk had been used 
instead of the CR-39 disk. The result from this unfil- 
tered TLD was used to indicate inadvertent exposures 
in baggage x-ray units. 

An estimate of the high-altitude neutron compo¬ 
nent of the dose equivalent was made for the 1982- 

1983 survey by use of 1CRP Publication 26 (1977) and 
the 1982 report of the United Nations Scientific Com¬ 
mittee on the Effects of Atomic Radiation (UNSCEAR 
1982). The 1CRP recommended the use of a quality 
factor of 10 when the neutron spectrum was unknown. 
The average neutron dose equivalent was estimated to 
be 0.8 of the ionizing dose over the altitude and latitud e 
ranges of interest. Although considered at the time to 
be a worst-case estimate, subsequent revisions of neu¬ 
tron radiation weighting factors (ICRP 1991) and a 
better understanding of the cosmic neutron contribu¬ 
tion (UNSCEAR 1988) would indicate that 0.8 was a 
reasonable value to use. 


RESULTS AND OBSERVATIONS 

Dose rate measurements (1991 domestic survey) 

Two flights were made on a Boeing USA 767 which 
was flown between Melbourne and Darwin. The aircraft 
landed at Adelaide and Alice Springs en route. The 
flight path is shown in Fig. 1. The flights were primarily 
in a north-south direction. The measurements were 
made in the cockpit and at the front of the cabin for 
both the outward bound and the return flights. The 
measured dose rates for the outward bound flight are 
shown in Fig, 2. During the flight, a cruise altitude of 
12.5 km (41,000 ft) was maintained between each port. 
A reduction in dose rate as a function of latitude can 
be readilv seen as the aircraft traveled towards Darwin. 
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Limul* (d*t: 

light from M el- 



cockpit than 


rates were MOra hig 
jbin. 

i flights were made on a B737 which was flown 
i Melbourne and Perth. The flight path is shown 
1. The direction of these flights was primarily 
I. Measurements were made in the cockpit and 
|bm, directly above the wing, for the outward- 
|t. The position in the cabin was moved six 
rows’fb'rward of the wing for the return flight. The 
measured dose rates for the outward bound flight are 
shown in Fig. 3. A cruise altitude of 10 km (33.000 ft) 
was maintained for most of the flight. Approaching the 
end of the flight, the aircraft was taken to an altitude 
of 11.3 km (37,000 ft) to allow measurements to be 
made at the service ceiling of the B737. The correspond¬ 
ing increase in the dose rate can be seen in Fig. 3. The 
dose rates measured in the cockpit were higher than 
those in the cabin. 

Two flights were made on a B727 that was flown 
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Fig. 3. Ionizing dose rates measured on the flight from Mel¬ 
bourne to Penh. 



Fig. 4. lomring dose rates measured on the flight from Mel¬ 
bourne to Hobart. 


between Melbourne and Hobart. The cabin measure¬ 
ments for these north-south flights were made at the 
rear of the aircraft. The flight path is shown in Fig. 1. 
The measured dose rates for the outward-bound flight 
are shown in Fig. 4, The cruise altitude for this flight 
was 9.1 km (30.000 ft). Once again the dose rates in 
the cockpit were higher than those in the cabin. 

For most of the flights, a reduction in the measured 
dose rate was observed as the aircraft left the ground. 
Dose rates of down to one-half those at ground level 
were found at altitudes between 250 and 700 m. The 
effect was also observed while on landing approach. 
The measurements indicated that at these low altitudes 
the cosmic dose rate increases slowly with increasing 
altitude while the relative contribution from the terres¬ 
trial radiation source reduces rapidly due to distance 
and air attenuation. The measured dose rates increased 
above these altitudes and reached those found at ground 
level at altitudes ranging from 2.5-3 km above ground 
level. The ionizing dose rates increased rapidly at alti¬ 
tudes above 3 km, and levels of 1,5 mS v h _l and 3 
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were found at 10 km (33,000 ft) and 12.5 km 
(41,000 ft) above Melbourne, respectively. At the same 
iftinjsies above Darwin, the dose rates were found to 
be )ess thantone-half those above Melbourne. 

i,Gener|) aviation in Australia, which includes the 
nse aircraft and most aviation other than that 

oftjwcomntereial airlines, is usually carried out below 
g above sea level. The measurements 
t at these low altitudes the doses received 
icipating in general aviation would not 
ly from the dosSs.jeceiyed on the 

ihd'pehh demon- 


hts between Melbou: 

lidding propenies ofjthe wk|g structure 
„i of the B737. The dof«T$es Measured in 
are up to 30% lower t| 
pit and they appeare 
based. At the same ti 
decreased with decreaj 
pected. As the aircraft consumed 
measuiwUlose rate increased and 
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onal n 
that the ; 
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:ase as the 
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upply, the 
ed that in 
monstrate 
cosmic ra¬ 
the raeas- 


above. A similar otj^ei 
h*tween Melbourne a 


ttion and ^primary rti^feion source was 




S was 
art. 

■ere -20% lower than 
hat much of the obsel 
elding provided by th 
iport structure near t 
rear of the cabin. Shielding provided by 
1 io coniribute to the 


the flights 
tes found 
e cockpit, 
rence was 
engines, 
iasurement 


can also be assumed 
tes found in the cabin 
lines denoted “calc.’ 
the expected dose ra 
67. The method of 
r. From this, it was 
found in the B767 wi 



e cockpit. 
2, 3, and 4 
■ont of the 
ination is 
compare 
if the B727 


nc same position and altitude. For each 
iose rates found in the cockpit were from 
ficr than those found in the cabin. The dose 
t the cabin and cockpit of the B737 were 
DSe found in the B767. The dose rates 
3727 were -20% lower than those of the 
ne difference in dose rates may reflect 
the difference in the materials and design of the B767 
and B737 with respect to the older B727. 

The measured dose rates were inspected for evi¬ 
dence of diurnal variations. The cockpit measurements 
from the flights between Melbourne and Perth were 
^considered most likely to demonstrate the effect if it 
; *aj significant. Measurements made at 1112 local 
Standard Time, while approaching Penh at an altitude 
•$ r ‘ 7 km (35,000 ft), were compared wjth those made 
*- -00 local Standard Time, at the same altitude and 
latitude, on the return flight from Penh. A difference 
18 vhe dose rates was not observed. It was concluded 
Jhat if diurnal effects exist, the variation in the dose 


rate must be small under normal solar conditions; 
however, diurnal variations may become evident under 
solar Bare conditions due to the increase in the solar 
component relative to the galactic contribution. 

Dose and dose rate modeling 

The measured dose rates from the Mtlboume- 
Darwin flights were used to develop expressions that 
may be used to calculate doses from flight details. Due 
to the predominant use of imperial units in the aviation 
industry and metric units in the scientific community, 
both units were accommodated in the following expres- 
sions. 

The dose rate was found to be very nearly propor- 
tional to the cube of the altitude, from sea level, up to 
the range of cruise altitudes of most commercial air¬ 
craft. The ionizing effective dose rate, Er.tr r*Sv h _1 , at 
altitude, A , up to 12.S km (41,000 ft) at an arbitrary' 
reference latitude of 36 degrees is 

Ei't^pkA 3 , (1) 

where 

k = 1.41 x 10'* (for A in km); or 
k *=■ 4.0 x 10‘ M (for A in ft); and 
p = 1 (cabin); or 
p •= 1.1 (cockpit). 

The reference latitude was located between Melbourne 
and Sydney, which are the ports of the most frequented 
commercial flight path used in Australia. The correc¬ 
tion factor, p, for the difference in the dose rates be¬ 
tween the cabin and cockpit positions was included in 
the expression. 

Eqn (i)should not be used foraltitudes above 12.5 
km because the dose rate begins to level off at these 
higher altitudes and the expression would overestimate 
the value, Although the measured cosmic ionizing dose 
rate at sea level is -0.02 pSv h -1 , it can be seen that the 
expression predicts zero dose rate at zero altitude. This 
is because the cosmic dose received by flight crews, 
while they are on the ground, should not be included 
in their dose assessment. A value of 0.02 nSv h' 1 can 
be added to ihe estimate from eqn (1) for the purpose 
of comparison with measurements. 

A correction factor, L, for the variation in dose 
rate as a function of latitude, fi, was obtained by analysis 
of the measurement results: 

L = 0.37 + 1.83 sin 5 (0). (2) 

The form of eqn (2) allows the use of positive and 
negative values of 8 to represent latitudes in the south¬ 
ern and northern hemispheres. This can be useful when 
considering flights that cross the equator. 

The ionizing effective dose rate, £„ at the altitude 
and latitude of interest, can be calculated using 

t, « EmL. (3) 

The solid lines snown with the measured data points in 
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Figs. 2,3, and 4 were calculated by use of eqn (3). from 
the flight navigation readings taken at the time of each 
measurement. The cosmic ionizing dose rates, which 
Australian domestic flight crews can expect to encoun¬ 
ter as a function of altilude and latitude, were calculated 
by<*tse of eqn (3) and are shown in Fig. 5. 

pose rate measurements made between 35 and 50 
1 &cs north latitude, at a cruise altitude of 12.5 km 
1,000 ft) (Hewitt el at. 197?) were recorded at the 
jam? cruise altitude as the Melboume-Darwic (lights, 
t were between 12 and 3? degrees south latitude. 
It was found that the measurements made in the north- 
emisphere matched tl 
ere where the correspond 
dues obtained by use| 
with the measurements O' 

!e range. The results 
ionitSfig dose rates in the n 
sfiS^rcs were very similar, 
viatt significantly fro 
uatorand 12 degrees 
be expected to give rcasona 




Judes overlapped. 
3) were consistent 
the futl 12-50 degrees 
that the cosmic 
southern htm- 
hat dose rates do 
timated between 
te expression can 
es of the ionizing 



dose rates between 50 degrees south and 50 degrees 
5 v * -latitudes. The b!itudf£lgp|eqn (3) covers all 
ra&n domestic and imernafion 


fhe integri 




flights, 
to time, 


(4) 


ayj)e used to estimate the 
given flight. Eqn (4) may 


£ing i with its average 



:ed dose expected 
ilified, as shown: 


(5) 

which is given 


( 6 ) 



Fig. 5. loniring dose rates in Australia that were estimated as 
a functicn of altitude and latitude, by use of eon (3). 


where 

fit « latitude (radian) of the departure port; and 
02 = latitude (radian) of the arrival port. 

For short flights, the variation in L is small. For flights 
that art sufficiently long for the variation in L to 
become significant, most of the dose is received at cruise 
altitude where £*,r is constant. In each case the error 
introduced due to the approximation is small. By sub¬ 
stituting eqn (2) into eqn (6) and evaluating the integral, 
the average latitude correction becomes 

Un - 1.285 


0.915 (sin(0i)cos(0i) - sintofcosfo)] 

(h - 0.) 


( 7 ) 


In order to evaluate eqn (5), expressions for the 
variation of attitude as a function of time are required. 
An aircraft on a regular domestic flight follows a semi¬ 
parabolic ascent path, cruises at a constant altitude, 
and descends at a constant rate, as described by eqns 
(?), (9), and (10), respectively, 

Ascent: (0 < f < T«) 

a.!& e^fcW + «,. r , ) + ,,. 

i c 

where 

A c = cruise altitude; 

b = 0.152 (for A and A c in km), or 500 (for A and 
A c in ft); 

/ «= time (min); and 
To «= ascent duration (min). 

Cruise: (0 < t < Ti) 

A = A c> (9! 

where T\ ** cruise duration (min). 


Descent: (0 < l < T») 


A * A { 


cr 2 - n 


( 10 ) 


where 7j = descent duration (min). 

Eqns (8), (9), and (10) were substituted into eqn 
(5) and the integral was evaluated, giving the ionizing 
effective dose in jiSv: 


£r‘ 


L^'kpjdo + dj + dj) 
60 


111 ) 


where 


Td 64 Aj - 38 Al bT t + 10 AtfTl - b'Tl ) 
140 
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A factor of 1,8 was used to obtain a conservative 
estimate of the total effective dose, including neutron 
contribution: 


flights may include steps in the cruise 
altitude,'which are determined by parameters such as 
fU^Lta&dgJfcfoss weight, and air traffic control require- 
mdfttfcHMbst Australian domestic flights follow direct 
pa&s, with, minor course corrections en route. This 
assujBpti.esiitznnot be made for fo%-haul international 
fligps^|^f^t circle flight paths, v»hft |g»jag ear on the 
map tbbtt^e toward the nearest be used to 

flight distances. When' compared with a 
stt^ip&Mii&^aih on the map, the^Sucypo^ligbt paths 
should inclose the average dose ^Xj^naayi nallv but 
rtd ffist haj&posurc period. For tHf^^^e of calcu- 
bttfeagdpse received during lo^stegbed and/or 
curiS&fiipIs, any flight path maySwTffif^ented by a 
number of shorter straight paths. Eqjef^!p%5 therefore 
presemed in a modular form so tljaipath/corrections 
could beJesoumed for with ease. |S^P^ 


PersoitaT'mohitoring mjaiutements: 

^»sured doiFMm the; 
are presented in Fig$6 JE&BS from 


-1983 survey 
^survey are 


is Fk^Tigiyhe flight attendants, engineers, fmd pilots, 
for the aircraft. Diffi&8igli$countered 
»..ji tHm##t path measurements oflbq.1991 survey 
render^dahejr outcome unreliable data were 

txclud^|p£ measured doses are psUKkwjth respect 
to ihose#'bi<th were calculated, by uyeftf.tQji (12), from 
the flighted recorded for each monitor, The line of 
expecuj^glotied in each figure is ithat,.where a meas¬ 
ured desWtuld be plotted if coindKHmrwth the cal- 
culatedpHSil Averages of the mcas i&afea&ib riculated 
dose|^^g®^ented in Table 3. ? ■ 

if gm B; seen from Figs. 6-8|fl dtal& oueh the 
individiraipreasuremetus could vary significantly from 
the expdtftSTwaiues, their distributions about the lines 
of expeistg^ji'i were reasonably uniform. This was also 
indicate by Table 3, where the averages of the mea- 
sureme^^g^'e all within 10% of those estimated by 
use oflM|^p2). Conventional personal monitoring 
would tprflpear to be a highly accurate method of 
determi$ttp|tf| cosmic dose received by individual 
crew members. The average dose derived from a large 
number of personal monitors, however, appears to be 
reliable. The method of estimating cosmic doses front 
Bight records, as previously described, is not subject to 
the uncertainties involved with personal monitoring. 
Dose estimates for individuals can be assumed to be of 
similar reliability as the average dose estimates. 

The annual doses to flight attendants and pilots 
>P" t to have increased since the 1982-1983 survey 
at mse for the flight engineers have not changed 
tppreciably. As the measurements from both surveys 
•v'ere consistent with estimates based on measurements 
uade in the 1991 survey, it seems unlikely that the 



e sc iw iso ieo iso soe iso ioo 

Calculated ioni 2 iof***utr«® don (u$v) 

Fig. 6. ionizing + neutron doses from the 1982-1983 survey 
compared with doses estimated from (light records, by use of 

eqn (12). 


! (00 J—il»l5Umy l_. 



C ICO IOC 30 0 4 0 0 500 SCO ICC m 

Cilctilaled tadrUnf+e'BtftiD dei4 (uSv) 

Fig. 7. Ionizing + neutron doses received by flight attendants, 
flight engineers, and pilots during the 199) survey compared 
with doses estimated from flight records, by use of eqn (12), 



0 (00 ICC ‘1300 1600 3000 ucc 

Calculated iDdixiof*Aeufn>fl doir (uSv] 

Fig. 8. Ionizing + neutron doses found on aircraft, during the 
1991 survey, compared with doses estimated from flight rec¬ 
ords, by use of eqn (12). 
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■ Table 3. Measured and calculated average dose rates (ionizing and neutrons) from the 1982-1983 and 1991 
surveys. 


Croup 

Dut 

Measured 
(*Sv O 

Calculated 

(nSvd-'l 

Measured 
<mSv y“‘) 

Calculated 
(mSv y‘ l ) 

All 

1983-1983 

2.7 

2.5 

1.0 

09 

Attendants 

1991 

4.0 

3.9 

1.5 

1.4 

Ensinetrs 

1991 

3.0 

2.7 

1.1 

1.0 

Pilots 

1991 

4 8 

s.o 

1.8 

1.8 


jdrteeiases were due to variations in the solar cycle. The 
'wst&s can be viewed in tgriiK ofth e advancements in 
M|ft technology. The drapiNft a B727 was found 
to be lower than in the more modem, higher-flying 
ISil^or B767. Flight engineers more often found 
in this older aircraft. Flight ajifndqfrts and pilots are of 
^^^e found in all of thesjP$tef§reilt It can be assumed 
Iron S as the older aircraft an: phased out, doses will 


Sfase accordingly, 
if personal monitoricrews becomes a 
^requirement, as is the case for many in the occupational 


ure group, there are i 


■ of important con¬ 


ns involved. Dose .limits refer to doses received 


£§i^cess of $£&&3l backp^SSiiThe assessment of 
.^backg round le^jgan intr^|gcc considerable difficul¬ 
ties in the c |se« 0 fjQi&ht crews'i|ie inadvertent exposure 
of rnoniiorincremra radia^sSsices. such as baggage 
units, and the low sensitivity.of neutron personal 
%gP^tors are further consi33§wfii 
^ ^Control monitors are use d to ^easure background 
which are subtraciedpjSilS'the personal monitor 
Jesuits. In most working frmronfheMS these can be 
Qscg|rd ncar lhe PersonalihrionTtors when not in use. 
Forfligbi crews, the personal and control monitors may 
;i|p%arated by thousandsjPUiiiileters. Normal back- 
sfe-rafo d at ground level is npyL&uupm and. depending 
: .:f.an..th e location, ionizing from 0.05-0.2 uSv 

W^|r from 1-5 ^Svd ' 1 cgjyjLagdily found. Average 
ionizing dose rain^RPHOamesiic flight crews 
,s£iS&6 ; found to range from 1.4—2.8 uSv d~‘. Allhough 
^^irearer may travel to various locations and averag- 

S f background levels will occur, significant uncer- 
es in individual results can be expected due to 

S ations in the large background component of the 
lured dose. The distributions of the measured doses 
Sfihe lines of expectation, seen in Figs. 6 - 8 , are 
believed to be caused primarily by background varia¬ 
tions. 


ties in the casc loMift ht crews? 
of monitorincralTO radiapi 
units, and the low sei pij 
Ifp^shors are further consilcg 
^ .Control monitors are use- 
which are subtracted^ 
jpuhs. In most working im 
Qi$M cc! ncar lhe personality 
TWjligbi crews, the personal < 
s^^parated by thousandslP 
vgmjyhd at ground level is np| 
: .:.L.fltt..th e location, ionizing dUi 
f roni j_j ^5 V( j-i c &y 

ionizing dose rail!®? 


The exposure of personal monitors in baggage 
x-ray units is a major source of uncertainty. The prev- 
alence oflhis security device at airports presents a major 
risk that mon hors will pass through. The exposure may 
not be realized by the crew member, due to the routine 
nature of security procedures involving the units. Doc¬ 
umentation of the event in the flight records cannot be 
relied upon. The dose received by a monitor in passing 
through an x-ray unit depends on the particular ma¬ 
chine and its operational settings. An accurate method 
of correcting for these exposures could not be found, 


Monitors suspected of having passed through x-ray- 
units were excluded from the survey. A reliable method 
of preventing the exposure of monitors in these x-ray 
units would be necessary if routine personal monitoring 
is considered for flight crews. 

From an analysis of the energy-dependent regions 
of the 1991 persona] monitors, it was suspected that 
many of those used by the cabin crew may' have inad¬ 
vertently passed through baggage x-ray units, while only 
a small proportion of those used by the cockpit crew 
appeared to have been affected, Cabin crew have more 
direct contact with passengers than do the cockpit crew, 
In order to comply with airline dress code and to avoid 
unnecessary passenger concerns, many cabin crew 
members carried their monitors in hand luggage or in 
jackets, which could be placed in on-board lockers, 
instead of wearing the monitor. Monitors earned onto 
the aircraft were at much higher risk of exposure in 
baggage x-ray units than those worn by crew members. 

Of ihe 20 ionizing-neutron monitors installed in 
the aircraft, only two of them recorded neutron doses 
and those were each 170 pSv. The corresponding ion¬ 
izing doses were 780 mSv and 620 pSv. The range of 
ionizing doses measured by the 20 monitors was from 
300-970 pSv. The lower limit of detection of ihe CR- 
39 disks was estimated to be 80 pSv. It was assumed 
that their sensitive range covered from one-half to one- 
third of the cosmic neutron energy range. The lower 
limit of detection therefore corresponded to a cosmic 
neutron dose of up to 240 *i$v, The measured neutron 
doses of 170 pSv corresponded to cosmic neutron doses 
of up to 510 pSv, which was reasonably consistent with 
the ionizing-neutron dose ratio assumed in eqn ( 12 ). 
An unknown cosmic neutron dose of <2-40 ^Sv can be 
estimated for those monitors that did not register a 
neutron dose, These results indicate that the estimated 
ionizing-neutron ratio of 1.8 was a reasonably conserv¬ 
ative value to use. Considerable developmental work 
seems necessary ifCR-39 is to become a useful persona! 
monitor for flight crews. 

DISCUSSION AND CONCLUSIONS 

It is recognized that there is no dose limit below 
which absolute safety can be guaranteed. The recom¬ 
mended dose limits are those below which the benefits 
should outweigh the risks. Doses should be kept below 
the limits and as low as reasonably achievable, eco¬ 
nomic and social factors considered. Based on current 
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risk estimates, the survey results indicate that an aver¬ 
age domestic flight crew member nms a risk of <1 in 
10,000 y* 1 of developing a fatal cancer due to occupa¬ 
tional exposure. From dose estimates obtained by use 
of eqn (12), a person would need to fly for ~900 h at 
an altitude of 12.5 km (41,000 fi) above Melbourne to 
receive a dose of 4.9 mSv. For Australian international 
fli|||i crews, this dose is estimated to be equivalent to 
|gSst received from 33 round-trip flights between Mel¬ 
bourne and London, which would involve >1,300 h 
§$(#£ time. An upper estimate of the annual doses 
"received by Australian international crew members was 
m^e by assuming 1.000 h flying time per year. This 
xgpss a dose of 3.8 ntSv abd^a risk of 1 in 5.300 y - ' of 
; : $jipcsuTe. The survey resul’^dfrnbnstrated 'bat neither 
me domestic nor the intflffSiionil crew members are 
to exceed annual d©ses o£4 mSv, for which the 
estimated risk is 1 in 4.0<f).'' a T'’ j 
^The average annual Table 3 are com- 

j-^fabie with average doses received by Australian ra- 




i workers (Morris 1^ 


rsyjpth asurantum miners 
(l.g'mSv) and industrial ^^^gabhers (1.7 m$v). and 
are higher than the dosesHfeeliviai by most people. As 
Nlkht c rew's are clearly workers, it would 

|^rh1§ifinculi to justify funnel increases of their annual 
in icr| pasgB< risk considering the 

\ioc t*l and ec&M&|c fact convolved; however, funfaer 
increaseWeon the$H%on,The indications are 
that in a te^ifeisfe chnology have in- 

i ssssatea& ed the doses to flighfcrcwsjince the 1982-1983 
iL surve y. which may be pcwpiPli long term dose in- 
^ff|ses if future aircraft flyRl^r and for longer dis- 
Substantial mcrca»^-@uT(J,occiir ifcommercial 
■^^rsonic aircraft becomfeSWTfi^nplace. Proposals of 
fhy^rsonic aircraft. whiebh*‘Oiito»45y orbital trajectories 
' < ^^e the earth’s atmosphere, add to the notion of 
p&jglper flying aircraft and Hpii&&se rates. When such 
^gg|g$ncemenis occur, it is |easgnable to expect that the 
* annual doses to Tight crevJ^pKf|ncrease significantly 
recommended limit a&pws room for such in- 
^ags*&es to occur. It is nece»^^^ an appropriate dose 
.illation strategy be in place when this technology 
‘..arp.yes so that we are in a position to ensure that it is 
with minimal risk. 

!L^gdf we investigate the implications of the recom¬ 
mendations made in ICRP Publication 60 (ICRP 1991) 
i#$ir§|ew of the information just discussed, there appears 
number of areas of concern. The recommen¬ 
dations now place flight attendants, flight engineers, 
and pilots in the same exposure or risk group as em¬ 
ployees of the radiation industry (such as uranium 
miners, nuclear power workers, and industrial radiog¬ 
raphers). Scope for substantial dose increases has been 
introduced. The recommendations made for flight 
crews could be cited as a precedent for other occupa¬ 
tions. It could be argued that instead of introducing 
appropriate measures to comply with the new public 
exposure limit, the much easier and cheaper option to 
reclassify the exposed individuals now exists. The situ¬ 
ation of flight crews is partly compatible with both of 


bse rales. When such 
?)e to expect that the 
Increase significantly 
^ room for such in- 
I an appropriate dose 


the exposure group definitions but is no: fully compat¬ 
ible with either, it would seem that only a partial 
solution has been achieved by changing'flight crews 
from the public exposure group to the occupational 
exposure group. 

There are a number of regulatory mechanisms by 
which the perceived difficulties could be overcome by 
either local authorities or the aviation industry, in order 
that doses to flight crews are kept to a minimum, in 
the long term, a limit that does not allow room for 
substantial dose increases is a necessary component of 
the solution, A general solution would be to divide the 
present occupational exposure group into subgroups, 
such as “radiation worker” and "nonradiation worker.” 
The annual dose limit for the former subgroup would 
remain at 20 mSv while a previous recommendation 
for public exposure, at an annual limit of 5 mSv, is 
suggested for the latter. Australian domestic and inter¬ 
national flight crews would appear to have little diffi¬ 
culty in complying with a 5 m$v annual limit. This 
would allow a modest margin for fluctuations in dose 
rate due to solar flares and the solar cycle but would 
ensure that substantial increases could not occur in the 
future. 


Actiwuiedtemtius —The authors wish to express their appreciation 
io the management and staff or Ansett and Australian Airlines: :ht 
associations represeniing flight attendants, flight engineers, and pilots, 
.and to the members of the ARL Personal Radiation Monitoring 
Service (PRMS) In particular, the assistance of Rhonda Rose of the 
Australia Flight Attendants Association. Paul Hursi (Anseti Airline*). 
Robert Sweeting (Australian Airlines), and Neil Morris I ARL PRMS i 
is acknowledged. 
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FEB 2 T 1957 


lhe Honorable George Bush 
President of the Senate 
Washington, 



Cear Mr. Presidents 

| -*fr' 

I am pleased 
Safety" report s 
October 11, V" 
ccmission tbs 
study on the <^abin 
Congress, al< 
"regulatory, 01 



Sit "lhe Airliner Cabin Environment—Air Quality and 
iired in response to Public law 98-466, dated 

Djpartment of Transportation (DOT) was directed to 
|nal Acad any of Sciences (NAS) to conduct an independent 
|ir quality in airliners and to submit the study to 
any consents and recommendations for legislative, 

|try changes. 


tody* 

q 

environrient, 
the findings 
outlines 21 r 

lhe Departmerv 
fa Executive 
contained in 


I have sent 
Bepresentativ 

Sincerely, 



ich focuses on all health and safety aspects of airline 
overs five general subjectsr cabin air quality, cabin 
rgertcy procedures, regulations, and records. It summarizes 
Committee on Airliner Cabin Air Quality and 
ations for consideration by DOT. 

Sow completed its review of the WS recommendations. 
and a Summary of Recoranendations and Conclusions are 
;he enclosed "Airline Chbin Air Quality" report- 

ical letter to the Sweater of the He use of 



S&KcJjfl. fi. 2a^ XAa. 

Donald D. Ehgen 
I Administrator 


2 Enclosures 
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Dr. frank Press 
President 

tational Ac ad any of Sciences 
2101 Constitution Avenue, MV, 
Washington, feGv. 20,418 


Dear Dr. Pres 

r" 

The Departr 
Airliner 
National Ac. 


The enclo 
to the 21 r 
(the Gamut 
recssaserriat 





ansportation (DOT) has completed its review of "The 
ronment—Air Quality and Safety" report prepared by the 
Sciences (NAS) in response to Public law 98-466. 


"Airline Cabin Air Quality,* provides OOT's response 
lations of the Comnittee on Airliner Cabin Air Quality 
has accepted in full or in fart most of the 
the Gxmuttee, 


respflfch is still needed in the area of cabin air quality, the NAS 
necessary groundwork. Please convey my appreciation to 
the manbers bf tJ>ei Comnittee. 




I have also sei 
Kepresentat 

Sincerely, 

Ssko? 


Donald D. 
Administrator 



pies of both reports to the Speaker of the house of 
the President of the Senate. 


Biclosure 
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98-466, dated October 11, 1984.27 
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teademy of Sciences Recoumendations on 
Cabin Air Quality; Re: Recan. 20, Does PM Have 
Responsibility/Authority for Cabin Attendant 

Health?. .....29 

"Medical Aspects of Transportation Aboard Oormercial 

Aircraft".........33 

Advisory Circular 121-24, Passenger Safety Information 

Briefing and Briefing Cards.,,.... 38 

Advisory Circular 25-9, Snote Detection, Penetration, 
and Evaluation Tfests and Related Flight Manual 

Emergency Procedures. 43 

Notice of Proposed Rulemaking 85-17, Protective 

Breathing Equipment. ...56 

Avnendments 11-29 and 121-188, Emergency Medical 

Equipment.. 65 
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EXBCimVE SUW4AR* 



Public law (P.L.) 98-466, datid Octok>?r 11, 1984, directed the Secretary of 
Transportation to commission an iindependent slujy by the National teadsmy 
of Sciences (NAS) on the cabin air quality in airliners and to siiomit a 
copy of that study, together with any ccnments and recomrendations to 
Congress. 

#ln compliance with P.1,. 98-466, a contract was negotiated between the 
Federal Aviation Administration (FAA) and the IRS. The fftS formed the 
onroittee on Airliner Cabin Air Quality (the Qonmittee) to study all safety 
Aspects of airline cabin air quality and submitted its report, "The 
irliner Cabin Environment—Air Quality and Safety," to the FAA on 
August 12, 1986JWlS study focuses on all health and safety aspects of 
irline cabin ai a^ jjllity. The report includes recommendations for 
legislative, regiilatory, and industry changes in relation to airline cabin 


air quality. The 
Sscmittee's firo 



vs report proy 
the 21 reccmne 
in part most of 
f special inte 
lity, and Ftecfer 
raveladd 




ive Summary of the fftS report contains the 
recomnendations. 

Department of Transportation's (DOT) response to 
made by the Ccranittee. We have accepted in full or 
lendatioos of the Committee. Three major issues 
proposed ban on smoking; further study of cabin air 
sponsibility for health effects associated with air 
elow: 


: on Smoking 

reccrrmended a ban on smoking on all commercial 
hts. 

vhile pEE^jMHjtognizes that exposure to environmental tobacco .smoke 
(ET5) oo.yld, be viewed as a problem by sane crew and passengers, we 
believe that|further study is needed before the Department can 
proposg^idefinitvve response to this reconmendation. 


Issues^ 


lequire further consideration include the following: 


- Furview of the health effects of BIS, including review 
of the studies and reports completed since the NAS study. 

- Further review of the concentration and distribution of 
pollutants for various aircraft types. 

- Additional consideration of possible technological solutions 
(which the Canuittee found infeasible) to determine if 
modifications to aircraft ventilation systems or procedures 
would provide acce[*:able results. 

- Further consideration of possible application of any proposed 
solutions to international, as well as domestic, flights. 
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2 . 


Study of Cabin Air Quality 





A major finding of the Qximittee was "...that, Lf the lowest rate 
of ventilation permitted by current equipment design were used 
under conditions of full or nearly full passenger loads, the 
resulting ventilation rate vnuld be at the minimun determined to 
provide acceptable air quality when smoking is not permitted and 
other contaminant sources are not present. In the absence of 
sources of contamination, this rate does not constitute a health 
hazard." 


Base^on this finding, the Committee recocmeoded that "A data 
coire cfaboBi program that measures airflow and contamination in 
aireifies should be implmerited." 

with the Contnittee's finding. Discussions,-which 
y 1984, will be renewed with the Environmental 
Agency. A cooperative effort will be made to determine 
lity of initiating a practical program for making cabin 
measurements on board airplanes during typical. 

Contaminants froti all sources will be considered as a 
in the conception of this program. 

for Air Travel Health Effects 

of the Coamittee that no Federal agency has direct 
Lity for dealing with health effects associated with air 
Abased on misinformation. In fact, the Department does 
hity through FAA and the Office of the Secretary 
3th crew and passenger health. The FAA has the 
to regulate the health aspects of an aircraft in 
In addition, the Office of the Secretary is required 
ensure that airlines provide "safe and adequate service." 
ral agencies have complementary health responsibilities. 
The ?re¥p3npbilities of these agencies do not conflict with those 

GivJ^ilPf'road range of DOT authority over passenger and crew 
health, as wall as the expertise and the nature of the missions of 
the other agencies which have health responsibilities, we see no 
reason to consolidate or transfer any authority. Vfe recommend 
retention of the present system of health responsibilities. 
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surarn of 

The following is a sumwry of th^> r.-*oxnw’odations by tfr 1 Gmnitte* 
followed by DOT'S osnclusions/reconiTttodations to fortress (in bold type). 
Section II of this report contains a detailed ccnmentary of the reasons for 
\ DOT'S recommendations and conclusions. For reference purposes, the page' 

J ninfcer corresponding to each recorrme relation contained in Section II is 
^ included at the end of each DOT recommendation. 

i|| 1. "The Committee believes that the health effects associated with air 
travel should be within the purview of a Federal agency." 

2 The findirfayal the Committee that no Federal agency has 
direct r%$p$liibility for dealing vith health effects 
associated with air travel was based on misinformation. 

In fact, IpEi^/pe par tment does have authority through FAA 
Jf and the Ofefcfe ee i of the Secretary covering both crew and 
passenger health. Other Federal agencies have 
^ complemer^i^'health responsibilities. The 

responsitfei^^es of these agencies do not conflict with ■ 
those offuorf^ 

" # Given th4jqjro$d range of DOT authority over passenger and 
^ ‘ cf^^heafilflP^ls well as the expertise and the nature of 
msi tt^isiiissy^s-s of the other agencies which have health 
^r^^Qnsi^yJLl^es, we see no reason to consolidate or 
transfer faffty^juthority. We recommend retention of the 
present s ystem of health responsibilities. 


(Reference Page 3) 

“The Oommifete*?"4ound that, if the lowest rate of ventilation permitted 
by current.equidhent design were used under conditions of full or 
nearly fuljPplSienger loads, the resulting ventilation rate would be at 
the minimu^.r^^mined to provide acceptable air quality Uien snaking 
is not permtilfpand other contaminant sources are not present. In the 
absence of§sssla®S£s of contamination, this rate does not constitute a 


nearly fulp^psisenger loads, the resulting ventilation rate would be ai 
the minimu^.r^^mined to provide acceptable air quality Uien stoking 
is not perftlpir)and other contaminant sources are not present. In thi 
absence of^^^gfes of contamination, this rate does not constitute a 
health hazardT"^ 

Thi 3 was a finding of the Committee and requires no action. 

(Reference Page 5) 

"A data collection program that measures airflow and contamination in 
airplane cabins should be implemented." 

Discussions, which began in May 1984, will be renewed 
with the Environmental Protection Agency. A cooperative 
effort will be made to determine the feasibility of 
initiating a practical program for making cabin air 
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quality measurements on board airplanes during typical 
operations. Contaminants from all sources will be 
considered as a major item In the conception of this 
program. Another topic that will be included in these 
discussions is whether the many variables of flight can be 
monitored or controlled to correlate test results from 
s different flight conditions. 

(Reference Page 6) 



4. 












6 . 



"The FAA standard (on carbon dioxide) is much higher than standards for 
other confined environments. The Caimittee recamends that the FAA 
review its: carbon dioxide standard." 



The PAA 
ventilation 
After thf "X^evl 
material i 


"Therefore;, the 
designed 
Departments of 



eview the need to establish either 
mits, reduced carbon dioxide limits, or both, 
ew, any needed rule change and-advisory 
be proposed. 

(Reference Page 1) 

ittee suggests that FAA'carry out a carefully 
to ensure that cabin ozone concentrations canply with 
sportation regulations." 


issue biennial action notices requiring 

to report on the present status of all O.S. 
air carrrers^jcompliance with the existing ozone 
regulatitpSliilThe responses to the action notices will be 
summarized ^^d published. Identified deficiencies will be 
corrected 


"The Cocmi 
flights, 
to passeng 
crew as 


(Reference Page 8) 

©commands a ban on smoking on all domestic commercial 
major reasons: to lessen irritation and discomfort 
crew, to reduce potential health hazards to cabin 
ETS {environmental tobacco smoke), to eliminate 
the possibility of fires caused by cigarettes, and to bring the cabin 
air quality into line with established standards for other closed 
environments." 

The Committee stated that "Empirical evidence is lacking 
in quality and quantity for a scientific evaluation of the 
quality of airliner cabin air or of 'the probable health 
effects of short or long exposure to it." 


We agree that exposure to ETS could be viewed as a problem 
by some crew and passengers. However, we believe that 
further study is needed before the Department can propose 
a definitive response to this recommendation. 


iv 
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I 


Issues that require further consideration include the 
following s 



Further review of the health effects of BTS, including 
review of the studies and reports completed since the 
NAS study. 

Purther review of the concentration and distribution of 
pollutants for various aircraft types. 





The effectiveness and economic effects of possible 
technological solutions such as modifications to 
aircra^^^itllation systems or procedures. 

Further- consideration of possible application of any 
propoSeftf'Sol.utlons to international, as well as 

domestp^lillghts. 

(Reference Rage 10] 



"Because a-likeli 
ventilatioi 
ttee 



of occurrence of epidemic disease when forced-air 
available on the ground.has been danonstrated, the 
s that a regulation be established that requires 
rs from an airplane within. 30 minutes or less after 
e or shutdown on the gtound and maintenance of full 
ver onboard or grotrtd air-conditioning is available." 


Because ^g^^currence of complete ventilation cessation 
on passenge r^-1 aden airplanes is extremely rare and 
9ometime^gail^oidable, we do not believe that regulatory 
action ijPnee^asary. However# there may be value in 
bringingM^s^concern to the attention of the air carriers. 
The PAA will Advise air carriers of the need to deplane 
passengefeiSili? possible# after 30 minutes without 
ventilation... 

(Reference Page 12} 




"'Ihe Cotnrdttee also recommends that maximal airflow be used with full 
passenger complements to decrease the potential for microbial exposure 
and that recirculated air be filtered (to remove particles larger than 
2-3 um) to reduce microbial aerosol concentrations." 



The program for making cabin air quality measurements 
identified under Recommendation 19 will include microbial 
aerosol concentrations at different cabin airflows. 
Whether or not maximal airflow is required at all times 
will be evaluated at the conclusion of this measurement 
prog ram. 


(Reference I^ge 13) 

V 
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y. "'Die Gwmitteo concluitxl tlvih current pr,*nsuri7,\ti<w criteria and 
regulations are generally ark to protect tin* tmvi'linq pd)lic. 
However, the medical. profession should use a more efficient system to 
warn those with existing medical conditions who are more susceptible to 
changes in pressure or to long exposure to low pressure that there 
might be some hazard to their health." 



The FAA will continue its ongoing effort to provide 
aviation medical information to the members of the medical 
profession to enhance their ability to advise those 
patients at risk concerning possible hazards secondary to 
the in-flight environment. In addition to direct contact 
with FAA-designated aviation medical examiners# the FAA 
will cont s tn.uejto encourage publication of such information 
in medical -’ Urnals. The American Medical Association 
will be aixed to republish the excellent article "Medical 
Aspects Irl|nsportation Aboard Commercial Aircraft" 
(Journal of American Medical Association, February 19, 
1982, Volume ;|4 7, Number 7) (Appendix 3). 


(Reference Page 14) 


"FAA shoulc^pjonslder rule-naking that restricts exposure [to cosmic 
radiation) iof Iprrsgnant flight crew and crew manbers. In addition, FAA 

.1%'iie total radiation exposure of flight crew and cabin 

|hrough the use of a statistical sanple of full-time 
^uld require airlines to provide precautionary 
sir flight attendants about radiation exposure." 




The FAA 
promote 
for use 
will be 
crewmembers c< 
to limit 
systems. 


rently developing advisory information to 
ion safety through educational initiatives 
air carrier industry. This information 
buted, and with management cooperation, 
cerned with radiation exposure will be able 
y scheduling within domestic and flag route 


(Reference Page 15) 


11. "The Committee approves of current efforts to base passenger safety 
briefings and written materials on empirical testing of comprehension 
and retention." 

This recommendation does not require DOT action. 

(Reference Page 16) 


vi 
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"The Cormittee suggests that FAA or appropriate industry organizations 
consider the advisability of developing an empirical research program 
to examine passenger response to safety instructions under routine and 
emergency conditions and revise them as appropriate. Consideration 
should be given to rinning some quizzes during a flight to see, for 
example, vhet proportion of passengers have retained the key features . 
of the safety briefing." 


Attentive passengers who have received the preflight 
briefings could "pass" quizzes given during nonstressful 
flight situations, however, that does not necessarily 
mean that they will take the correct action in a given 
emergency a^ttjift fc ion. 

The FAA is %eeply interested in suggested improvements for 
briefing t^fchpi1|ues from the the airline industry but 
believes tlj ^ L g - g giil ring a quiz data base is not 
appropriate’. 


The guidan 
AC 121-24. 




eerning these briefings is contained in. 
AC will be updated as necessary. 

(Reference Page 16J 


nitt^^reoonmends that FAA require that information on proper 
.. tofj^yjg^nergencies be included in oral and written passenger 


Recent occut-rgrites of unwarranted passenger-initiated 
emergency gj^t^Sations have caused concern that preflight 
briefings some cases motivate some people to act 

independen&4 f ¥'™Ahd unnecessarily. The accepted practice of 
both the PAA arxjti the airline industry is that briefings 
concerning 


gency actions should not create passenger 
^ inspire unwarranted actions by 
e emergency procedures for passengers are, 
ively passive (i.e., follow instructions 
individual protection) while trained 
crewmembers implement procedures and deploy any required 
equipment necessary to assure the continued safe flight 
and landing of the airplane and the safety of the 
passengers. The PAA will continue the present practice. 


apprehensi: 
passengers' 
therefore 
given for TO 


(Reference Page 1?} 
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.• 25iiiiiSS&tL 


14. "The Conmittee feels that continuing research (fire safety) is also 
reeded in materials development.* 


1 






The PAA agrees that continuing research is needed in the 
development of improved fire-safe materials. The PAA's 
part in this research generally entails the analysis of 
fire-safety problems and the development and validation of 
practical small-scale test equipment that can be used to 
measure reliably the relative fire-safety characteristics 
of materials. Using this test equipment, the PAA 
cooperates with material producers, interior fabricators, 
aircraft hnsnatacturers, and airlines in the development 
and adaptj|pf&i of new materials which have a high level of 
fire safety as well as durability, cleanability, 
appearance^ v aTSd other practical characteristics necessary 
for econd aii&al jly competitive materials. 


Recent e 
approach 
establis 
evacuati 
liner mafer 


s of this highly-successful, cooperative 
en PAA and industry include the 
of new standards for heat-resistant 
|de materials, cargo compartment fire barrier 
ba, fire-safe seat cushion materials, and 
ceiling panel materials. 

to continue this approach in the development 
terials and believes that this action is 
ithe Committee's recommendation. 


(Reference Page 18) 

pwwvvwvww^ 

15. "The Conmittee'noted that current emergency procedures for smoke 

removal rebcnrerid that the cabin be depressurized to 10,000 ft. This 
procedure s^^eeifective ani should be discontinusd." 





I 

I 



The PAA feftffi¥| btalr> and review additional information 
that is jcnownlto address the smoke evacuation issue. 

ThiB wiljpsil^|ude a Lockheed study that investigated 
decompression as a means to control or extinguish a 
fire, pertinent information retained by the cognisant 
aircraft certification offices, and any additional 
information from the HAS. NT5B in-flight smoke and fire 
accident/incident reports will also be reviewed. Based on 
this review, the FAA will determine the effectiveness of 
the current emergency procedures for smoke removal. 


AC 25-9 will be revised to be more specific relative to 
decompression procedures and include any limitations on 
their use. 


(Reference Page 19) 


vlii 
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16. 





"However, there are generally more crew members than Eire 
extinguishers, and the Corrmittee recommends that FAA review the 
proposed rule on protective breathing devices for crew members to 
ascertain the desirability of supplying such equipment for all crew 
members, rather than limiting it to the persons expected to be involved 
in firefighting. In addition, the Carmittee suggests further 
evaluation of the potential of emergency breathing equipment for all 
cabin crew members to improve safe and expeditious evacuation of 
passengers in fire emergencies." 


The evaluation of the potential of emergency breathing 
equipment for all cabin crewmembers to improve the safe 
and expeditious evacuation of passengers in fire 
emergencies will be conducted in conjunction with the 


planned 


ion on Recommendation Number 17. 


The FAA if'currently participating in a joint 
international^ffort between representatives of the Civil 

. •__l-j- r._ _J i.u- 


Airworthi 
United Ki 
between t 
activity, 
the FAA w 




uthorities of Canada, France, and the 
A meeting will be held in May 1987 
r nations to decide on further 
£ this international effort is completed, 
sess the need for regulatory action. 

(Reference Rige 20) 


A joint i 
the Civil 
(PAA), Ca 
protectiv 



recommends that FAA re-examine passenger protective 
s.and consider requiring that such equipment be 
of in-flight and postcrash fires." 


tional effort between representatives of 
rthiness Authorities- of the United States 
Prance, and the United Kingdom on passenger 
athing equipment will continue. 


_§s have been held during the last 6 Bonths. 

objective is to perform a worldwide accident 
alysis to fully summarise fire events and 
in order to evaluate the safety potential 
assenger protective breathing devices under 
different fire scenarios. The group will also begin 
development procedures for testing the devices. 


Several mi 
Tne group: 
and incid 
human fac: 
of indivi 



A meeting will be held in May 1987 between the four 
nations to decide on further activity. Once this 
international effort is completed, -the FAA will assess the 
need for regulatory action. 


(Reference Page 21) 
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Thin informat ion will ♦><» used to determine Futuro not'd 
for the carriage of emergency medical equipment on air 
carrier aircraft. This data will also be available for 
use in studies comparing medical incidents on board air 
carrier aircraft with those in other settings. The FAA 
will not undertake these comparative studies since it does 
not have the authority. Such studies would be 
inappropriate for the FAA. 


(Reference Page 26) 
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SECTION I. 


INTRODUCTION 


NOTICE 
This ms (trial msy bt 
protected by copyright 
law (Tide 17 U-S. Code! 


This report provides the Department of Transportation's (DOT) response to 
the recame relations made by the National Academy of Sciences (WS) in its 
report, "The Airliner fibin Shvitonrent—Air Quality and Safety,* dated 
August 13, 1986. 

Public Taw (P.L.) 58-466, dated October 11, 1984, directed the Secretary of 
of Transportation to conmission an independent study by the tftS on the 
cabin air quality in airliners and to submit a copy of that study, with any 
comma its a^dyggggfnnendations to Congress. 


Since this ^as fcx 
MministratfiSff'11 
affect the pfh&ii 
At the request oj 
during the 


1>? an independent study, the Federal Aviation 
Wk) did not participate or take any action that could 
js, conclusions, or reccmnendations of the study, 
the NAS, however, the PAA provided data and assistance 
of the study. 


Each of thqWS recommendations has been assigned a nunber to correspond 
with the sj|«ps| in which they are enumerated in the Executive Summary of 
t he NA S re nortL... J he DOT report is formatted so that each HRS 
r^^fendatjwrai quoted, followed by subsections labeled Carments and 
Piimi AcbMfe. 


A chronolc 


o May 1980 



o (toy Tyal | 


o OctoberIT961 s 


o (toy 1982 


o Jamary 1983 


o February 1983 


events leading to this report follows: 

Xenex Cbrpcration (Hawaii) petitioned to add 
requirements for a specified amount of fresJi air 
in cabin, humidification, and air contamination. 

Petition denied. 

S.1770 introduced by Senator Inouye (Hawaii) 
called for study on same issues as fenex petition, 
as well as four other areas of consideration: 
emergency breathing equipment, removal of smoke 
and toxic fumes, safe pressurization limits, and 
collection of medical statistics. 

Hearing before Senate Cbmittee on Commerce, 
Science, and Transportation, Subconmittee on 
Aviation. 

S.197 introduced "by Senator Inouye identical to 
S.1770. 

H.R.1333 introduced by Congressman Heftel (Hawaii) 
identical to S.1770. 
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o 


November 1983 Uouring lr?fore Senate G mini tree on Canworcv, 

ScLono>, and Transportation, SdxrofmiLtttV on 
Aviation on S. 19?. 



o Kay 1984 



o October 11, 19&4 

K, < 


o January 2^- 19fr%; 


o Hay 1, 198J 
o June 14, 

' 8 , 

o August 12/ 





o August 13^J188 


o September ftfT T986 



F tVi requested EPA assistance to study cabin air 
quality (later withdraw, due to eoactir^ent of ■ 

P.L. 98-46$). 

P.L. 98-466 enacted—Three more areas of 
consideration added: Bcposure to radiation, 
adequacy of safety instructions, and comparison 
with foreign industry, 

FAA/NAS contract (DTFA01-6S-C-0013) signed for 
$500, 000. 

First W\S cortmittee meeting.- 

Public meeting by fftS for interested parties to 
provide data, other information, and views to 
committee. 

Four-nonth extension to the EAA/NAS contract 
(originally April 11, 1986) was granted at the 
request of WS, with concurrence of the Committee 
on Commerce, Science, and Transportation. 

HAS trananitted its report, “The Airliner Cabin 
Environment—Air Quality and Safety," to the FAA. 

Press conference by WiS and public release of the 
report. 

Hearing before Senate Cocimittee on Qcxtmerce, 
Science, and Transportation, Subcommittee on 
Aviation on iftS report. 
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tftS Recgiinendation Number 1- -*The Committee believes that the health 
effects associated with air travel should be within the purview of a 
Federal agency." 


Comments 

The Corrmittee found that no Federal agency has direct responsibility for 
dealing with health effects associated with air travel. 


Curing preparation of the report, the WS Committee was informed that the 
FAA had q o^assfo nsibility for the occupational health of the cabin crew. 
Subsequerj^o the issuance of the report, FAA reviewed its responsibilities 
regardin$ >v occuj>ational health. The FAA Chief Counsel' determined that PAA 
has the aiutfsorixy to regulate the health aspects of an aircraft in 
operatiocpMtiijs, this recommendation stems, to sane extent, fran an 
incxxnplete picture of Federal authority by the Committee. 


In fact,i 
the Secretary 



rtment does have authority through FAA and the Office of 
ering both crew and passenger health. FAA's authority is 
in Appendix 2. 


’s authority for passenger health, the Office of the 
required by law to ensure that airlines provide "safe and 
icp." The courts have upheld the existing regulation of 
ixxder this authority. As other cabin air .quality 
easonably fall within the statutory requirement to provide 
.e service, we believe that the Secretary has the authority 


to protect passenger health. 


W? also r^jtejthat the following Ftederal entities have health 
responsitfuXtTef relating bn limited aspects of the cabin environment: 

of Health and Uman Services (Fbod and Drug Administration): 

Responsible for ensuring that the food, water, and waste systems on 
bcwrc|liii^b ers are safe and that the food that is boarded is not 
hazardous to health. 

b. Department of Health and Human Services (Center for Disease Control): 
Responsible for identifying and stemming epidemics. 


c. Department of Agriculture: 

Responsible for the inspection of food on in-bomd flights from foreign 
points. 
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the responsibilities of these agencies do not conflict with those of DOT. 
Within each of these organizations# responsibility for air cabin health 
falls within the framework of their overall mandate. 





Planned Action 


Given the broad range of DOT authority over passenger and crew health# as 
well as the expertise -uid the nature of the missions of the other agencies 
which have health responsibilities, we sec no reason to consolidate or 
transfer any authority. We recamend retention of the present system of 
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tftS Recontravdation Nanber 2--"T he Committee fouod that, if the lovest rate 
of ventilation permitted by current equipment design were used under 
conditions of full or nearly full psssenger loads, the resulting 
ventilation rate would be at the minimwi determined to provide acceptable 
air quality *rtwn smoking is not permitted and other contaminant sources are 
not present. In the absence of sources of contamination, this rate does 
not constitute a health hazard.* 

Cements 


This was a major finding of the Committee. This conclusion has a bearing 
on the reejarnendations cited by the Camittee for further study of cabin 
air aualitv. thei implementation of a data collection program that measures 
airflow inMfrpiane cabins, and the proposed ban on sooking. 



of the comnittee and requires no action. 




S 
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WS Reccnmendation Number 3 —’A data collection program that measures 
airflow and contamination in airplane cabins should be implerranted." 

Comments 



In Chapter 7, "Desirability and Feasibility of Additional thta Cbllection," 
the Comittee lists the principal air quality problems on aircraft that 
need to be evaluated. The Cbnrnittee also states that ventilation rate and 
cabin pressure are the controlling factors for cabin air quality and 
concludes that actual ventilation rates should be measured under routine 
flight conditions in all types of coimercial aircraft. The Comnittee then 
states, "If significant variations are found in an initial study, continual 
monitoring s§g>uld be instituted." 

However, the |pfSiuIt.ee also concluded that the available air quality data 
are insufficient-^ mate such assumptions. This conclusion was the basis 
for ffecomroerx^abfonlHjmher 19 that FAA establish a program to measure the 
various envi|§§|fjg§i|al factors that determine the quality of cabin air and 
base coot inu^LmofVJ to ring upon the results of the initial study. 

Planned Acti 


Discussions, 
Environment 
detejSSffte th 
cabifea^r qu 




conception o; 
discussions 
controlled to 


an in Kay 1984, will be renewed with the 
P|ot£Ction Agency. A cooperative effort will be made to 
bility of initiating a practical program for making 
y measurenents on board airplanes during typical operations. 
1 sources will be considered as a major item in the 
progran. Another topic that will be included in these 
r the many variables of flight can be monitored or 
relate test results from different flight conditions. 
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tftS Keccnmendation Number 4- -"The FAA standard (cn carbon dioxide) is much 
higher than standards for other confined environments. The Ooninittee 
recommends that the FAA review its carbon dioxide standard." 

Garments 







:W 


The carbon dioxide standard is contained 14 CFR 25.831, The FAA has . 
reviewed the standard and found that rule originated fran Civil Air 
Regulation 4b. 371 and that there is no clear explanation vhy the 3 percent 
concentration limit was adopted. 


The 3 percent concentration limit of carbon dioxide allowed in section 
2S.b31 is doi±>le any temporary concentration value allowed by any 
industrial bon dioxide concentration short-term exposure limit, and 
there are no K&Bgtvalues associated with the FAA limit. 


for the nor 
establish a;v 
carbon diox 
ventilation 

Planned Act 


The FAA wil 
red uced car! 
chjfeal^and 






operation condition, a more appropriate approach might be to 
dilation rate per passenger rather than to set a specific 
icentration limit, because there is a correlation between 
nger load, and carbon dioxide levels. 


■w the ii'**! !■■* «v4t ablish either ventilation limits, 
v.i k- limit*;. both.- After the review, any needed rule 
o? / maurrial will be proposed. 





f 
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WS Recoroendation Number 5— "Therefore, the Gbtmuttee suggests that FAA 
carry out a carefully designed program to ensure that cabin ozone 
concentrations comply with Department of Transportation regulations," 





Comments 


lhe Committee, in its report, acknowledges that the FAA has regulations to 
control ozone in the aircraft cabin air, however, could find no 
documentation of the effectiveness of the various methods being used by the 
airlines to control ozone. Ch page 119 of the report, under 
RKCMMENQATIONS, it states that in 1976-1979, FAA monitored ozone 
concentration-j. imits. 



Based on the results of those studies, regulations were adopted that were 
published Jj@amar^21, 1980, and became effective February 20, 1981, 


The Commit 
subject to 
establish 
life of thi 
to establ isl 
the catalyt 

re feren ce oi 
coffclntrati 




r stated that "...because catalytic converters are 
nation and loss of efficiency, it is suggested that FAA 
^ for periodic removal and testing, so that the effective 
' s can be established. A program of monitoring is. needed 
iance with the existing standard and to determine Aether 
erters are operating normally and effectively. These 
Utained in such a manner that they can be used for 
singer and crew exposures to ozone and to document the 
of ozone." 


On August 2$, .1994, the FAA issued a general notice (GEtWT N8320.300) to 
determine t^iSltftus of air carrier compliance with 14 CFR 121.578, Catoin 
Ozone Ooncentr^^ftn. As of November 2, 1984, information had been received 
on 63 ocera tjjjfe ? Fifty-two operators were complying with the rule by 
following operating procedures or flying at levels below 27,000 feet. 

Eleven operators'had installed catalytic converters and had various 
programs toy^pia** and/or test the efficiency of the converters. 


With respec^^^e|program to monitor ozone, the FAA conducted tests during 
1978 to 19797TA total'of 157 flights were sampled over a 2-year period. 

At that tm| pfejrt FAA estimated that the number of samples would have to be 
increased by an order of magnitude to be statistically meaningful. 
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Planned Action 


The FftA will issue biennial action notices, vtfiich have replaced ®CT's# 
requiring FAA inspectors to report on the present status of all U.S. air 
carriers' compliance with the existing ozone regulations, results of 
catalytic converter efficiency tests, and a listing of any validated 
complaints related to cabin ozone. The responses to the action notices 
wilt be sixmarized and published. Identified deficiencies will be 
coriected. 






i 
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HAS Reccrmendation Nimber 6— "The (btmittee recairvends a ban on smoking on 
all domestic commercial flights.* 

Ccmnents 






The Oonmittee cited four reasons for banning smoking on all domestic 
ootmiercial flights: 

a. to lessen irritation and discomfort to passengers and crew; 

b. to reduce potential tealth hazards to cabin crew associated with 
environmental tobacco smoke (ETS); 


c. to eliminate the possibility of fires caused by cigarettes; and 



d. to briMsiliicabin air into line with established standards for other 
closed ^environments. 

The CbmmitL^i^ed that the irritation reported by passengers—which 
includes ep irrltation, headaches, and coughing, among others—all affect 
the generapii^h and welfare of the passengers and crew. 

The Commit' 
are toxic, 
is a posit 

|Mf 

MS^IDOT 

recent ai 
materials 
risks of f 

The Coomi' 
quality i 
based on 
air quali 
standard. 




ETS to be a hazardous substance having components that 
ogenic or cocarcinogenic. The Canalttee found that there 
iation between lung.cancer and exposure to EIS. 

s that the banning of smoking could marginally reduce the 
res caused by cigarette smoking, *e believe that 
the Department, including the use of fire-blocking 
ns and smoke detectors in lavatories, eliminate nearly all 
us to smoking. 

eccrrmendation to ban smoking in order to bring the air 
with established standards for other closed environments is 
measurements. These data show that, in tuny cases, the 
abin environments violate the EEfc 24-hour particulate 
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Planned Action 


While we recognize that exposure to EI5 could be viewed as a problem by 
same crew and passengers, we believe that further study is needed before 
the Department can propose a definitive response to this recocrmerxdation. 




lr 


I 





Issues that require further consideration include the following} 

- Further review of the health effects of KS, including review of the 
studies and reports completed since the fftS study. 


Further review of the concentration and distribution of pollutants for 
varioiB aircraft types. 

The effectiyeap#l|and economic effects of possible technological 
solutions sjim as 'modifications to aircraft ventilation systens or 
procedures.®- ^ 


- Further con: 
to internati 



ion of possible application of any proposed solutions 
s well as domestic, flights. 
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tftS Recommendation Number 7— "Because a likelihood of occurrence of 
epidemic disease when forced-air ventilation is not available on the ground 
has been demonstrated, the Cfcrroittee reccmnends that a regulation be 
established that retires removal of passengers frcra an airplane within 
30 minutes or less after a ventilation failure or shutdown on the grourud 
and maintenance of full ventilation tfienever onboard or ground 
air-conditioning is available." 

Carmen ts 


As the Oocmittee stated in its report, there has only been one documented 
and confirmed incident of a carmmicable disease spreading within an 
airplane on which ventilation was inoperative while repairs were attempted. 
The tu^boj£b-^ inplane had aborted takeoff departure fran Barer, Alaska, due 
to loss of||$#i§^ in one engine. The nature of the repairs necessitated 
removal of^the ground ventilation system for the cabin interior. 
Passengersfii^e-l|ffered a choice of deplaning to the sarevhat rudimentary 
terminal or-, .twining on board the airplane. Either-choice apparently 
offered approx Irately the sane degree of protection from the elements. The 
outside te#e|giire was slightly below freezing. Some of the passengers 
did elect to out the delay in the terminal. 


Che passerniifpi^o had boarded at Homer and elected to remain on board, was 
afflicted with early stages of influenza. All of the passengers who 



sed 01 
Sty wvshin 
feted I;' 
normally vi 
transmits 

DOT agrees., 
etc.) will! 
of complete 
rare, and as 
regulator, 
very brief 
minutes 

Planned Ai 




were afflicted with ‘influenza in varying degrees of 
a few days. None of the passengers from the terminal 
loess during the resumed flight to Kodiak on a substitute, 
ed airplane. The conclusion was that the illness had been 
hout the grounded airplane due to lack of ventilation. 

nfinement in an unventilated enclosure (room, car, bus, 
tate spread of epidenic disease. Because the occurrence 
ilation cessation on passenger-laden airplanes is extremely 
Bcmer case, unavoidable, we do not believe that 
is necessary, thlike Bomer, the cessation is usually 
duration of such instances is likely to be less than 30 


Vhile the risk of occurrence of complete ventilation cessation on 
passenger-laden airplanes is extremely low, we believe that there may be 
valua in bringing this concern to the attention of the air carriers. The 
FAA will advise air carriers of the need to deplane passengers, if 
possible, after 30 minutes without ventilation. 
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l&S Recaroendation Nunber 8 —"The Committee alas recommends that maximal 
airflow be used witfTfuLl passenger complements to decrease the potential 
for microbial exposure and that recirculated air be filtered (to remove 
particles larger than 2-3 cm) to reduce microbial aerosol concentrations." 





Consents 


Maximal airflow is used on a regular basis today in airline operations. 
During the past fuel '-:risis, there was a coriron practice of shutting off 
air-conditioning packs to conserve much needed fuel. With all of the 
air-conditioning packs operating, the current fleet of airplanes exceeds or 
equals The American Society of Heating, Refrigerating, and Airconditioning 
Engineers, Inc. (ASHKAE) Standard 62-1981 of 7 CFM for auditorium, 
theatersraod other nonsmoking spectator areas. 


Older 
rate of |5 
airplanei 
mixture 
5 to 10 
some fo 
deliver 



•ransports were designed to deliver a cabin fresh air ventilation 
cubic feet per minute (CFM) per patssenger. Newer 
as the Boeing 757 and 767, were certificated with a 
sisting of approximately 10 to 15 CFM of fresh air and 
^circulated air. All of the newer aircraft incorporate 
tration for the recirculated air and are already being 
2-3 urn (one-millionth of a meter) or better 
ters. 




e a data base of reports of the spread of illness or 
the airplane cabins that are ventilated by .environmental 
operating at design levels. DOT agrees with the 
ement on page 159 of its report that "Microbial 
ve not been measured in aircraft, and therefore accurate 
cannot be made." As discussed aider Recanmendation 
is merit in naking cabin air quality measurements, 
Orations of microbial aerosols. These measurements vouid 
fferent levels of cabin airflow to establish a correlation 
between microbiil concentrations and the amount of airflow. Oice this 
correlati^W^stablished, the health effects of marginal airflow can be 
establish*; 

Planned A 


rol 
itte 
conoentr 
risk asses' 
Number 19 
including 
be taken 




The program for making cabin air quality measurements identified Older 
Recomendation 19 will include microbial aerosol concentrations at 
different cabin airflows. Vhether or not maximal airflow is required at 
all times will be evaluated at the conclusion of this measurement program. 
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Wig - Reccnroendation Nmiber 9~ "lhe Carcnittee concluded that current 
pressurization criteria and regulations are generally adequate to protect 
the traveling public. However, the medical profession should use a more 
efficient system to warn those with existing medical conditions who are 
more susceptible to changes in pressure or to long exposure to low pressure 
that there might be sane hazard to their health." 

Carmen ts 

DOT concurs with the Ctxnnittee’s conclusion that the current pressurization 
criteria and regulations are adequate to protect the traveling pi±>lic with 
the exception of a very snail percentage of those with preexisting medical 
conditions that increase their susceptibility to changes in the partial 
pressure of oxygen and cabin pressurization. Because of the possibility of 
an in-fli$i| medical emergency secondary to a preexisting condition, the 
FAA require^^: availability of supplemental oxygen for first-aid use. 
CtewnenbeifPf Gaining in the care of passenger’s conditions that nay result 
secondary to tb$ in-flight environment is also required. The 
responsibility ctf warning patients with such medical'conditions is 
consideredjiiMii: that of the patient’s physician. The ERA has an ongoing 
program to ^uffi te that segment of the medical profession with vhich it has 
direct cor^SS^tFAA-designated Aviation Medical Examiners), and it also 
encouragespl^^lublicatLon of articles concerning aviation medicine in 
medical journals-: as an adjunct to the educative effort. 




ability t< 
secondary 
FAA-designate 
encourage 
will ask 
article 
(Journal 
Volume 247^ 


itinue its ongoing effort to provide aviation medical 
1 e members of the medical profession to enhance their 
those patients at risk concerning possible hazards 
in-flight environment. In addition to direct contact 
iation Medical Examiners, the FAA will continue to 
ation of such information in medical journals. The FAA 
erlcan Medical Association to republish the excellent 
icati. Aspects of Transportation Aboard Commercial Aircraft" 
rican Medical Association, February 19, 1962, 
r 7) (Appendix 3). 


with 
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NAS Reocrrmendation Nunber 10 —"B\A should consider rule-iraking that 

restricts exposure lto cosmic radiation) of pregnant flight crew and cabin 
crew msnbers. In addition, FAA should investigate total radiation exposure 
of flight crew and cabin crew members through the use of a statistical 
sample of full-time employees and should require airlines to provide 
precautionary information to their flight attendants about radiation 
'Exposure." 

cnments 

e FAA has been interested in the effects of increased natural ionizing 
radiation since the early planning stages of civil supersonic 
ransportation. ^Because of research efforts in this area, much data have 
9ft gathered oerfei ^Lg o to the extent and effects of radiation at 
upersonic and aircraft flight altitudes. Since the initiation of 

upersonic passenger .Hight 00 ^ Concorde, actual radiation exposure has 
n monitored dlri^g- flight and documented. Operational experience over 
e past 8 yearsl^^^^oncorde aircraft operated by Air France and British 
irways has proven conclusively that the risk of exposure to radiation to 
sengers and c$$H^p*i£>ers is very low. Since the anoint of radiation is 
related to aititC^^jere is even less exposure in the operation of 
subsonic aircraft'. 


'Galactic radiati on |s p redictable in relation to altitude and latitude. 

^e radiptfein fr^ttraNjr flares is not predictable, but siiosequent exposure 
sgan be rsihSiSized j$^ge the evait occurs by avoiding high altitude, 
^9h-3#fei§^ fli 



ewmembers at r 
nly a very small 
ince the radiati 
easonably predi 
^ontrols and mons 



exceeding the 500 millirems annual limit represent 
ntage of those engaged in the air carrier industry. 
Jironment at flight altitudes is well defined and 
the expense and burden of mandatory radiation 
are not realistic. 



r earner ere' 
ry their oocui 
igh-latitude fl 
ewnanbers who 
ctivity. With 



in most cases, have the unique opportunity to 
scheduling as related to high-altitude, 

This is particularly significant in the case of 
_ nant or nay have been exposed to solar flare 
ppropriate advisory information and managansit 
, crevmembers will have the option to limit their exposure to 
radiation by discrete scheduling within domestic and flag route 
tens. The FAA has considered rulemaking and finds that there is 
sufficient evidence to justify it. Appropriate scheduling by flight 
can eliminate the threat perceived by the I*S. 


Planned Action 



The EAA is currently developing advisory information to promote radiation 
safety through educational initiatives for use by the air carrier industry. 
This information will be distributed, and with management cooperation, 
crewnembers concerned with radiation exposure will be able to limit such by 
scheduling within domestic and flag route systems. 
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tftg Recarmendation Nutber 11 —"The Qxanittee approves of current efforts to 
base passenger safety briefings arri written materials on empirical testing 
of comprehension and retention." 




EfiS Recontendation Hunber 12— "The Conmittee suggests that FAA or 
appropriate industry organizations consider the advisability of developing 
an empirical research program to exanine passenger response to safety 
instructions under routine and emergency conditions and revise them as 
appropriate. Consideration should be given to running some quizzes during 
a flight to see, for example, vhat proportion of passengers have retained 
the key features of the safety briefing." 

Caiments 






Air carriers are encouraged to make the required preflight and optional 
in-flight A ndap^ landina briefings understandable and motivational in 
nature. u|^uidance concerning these briefings is contained in Advisory 
Circular 114-24=4Appendix thich is designed to standardize and improve 
the safety^information presented to passengers by the airline industry. 
Guidance i^sf^S^ded concerning the preparation of comprehensive oral 
briefings aid written passenger briefing .cards. The accepted practice of 
both the the airline industry is that briefings concerning . 

emergency should not create passenger apprehension or inspire 

unwarranted actions by the passengers. AC 121-4 is currently being revised 
to includeIPfWltest state-of-the-art in briefing techniques and 
tephgplog i oalJ-adv arces. 

Aiftliiive pil|enqers vho have received the preflight briefings could "pass" 
gi|»8 coring nonstressful flight situations, however, that does not 
necessarily meanjthat they will take the correct action in a given 
emergency slplSilon. Cabin attendants, who have received hands-on, 
simulated eme|&pcy training, including techniques for disoriented and 
panicky cro^RSontrol, have the dominant role in emergency situations over 
passengersreceived only indoctrinational type briefings. The 
emergency procedures for passengers are, therefore, relatively passive 
(i.e., fol^KgWtructions given for their individial protection) «hile 
trained crfliiiiiiers implement procedures and deploy any required equipment 
necessary the continued safe flight and landing of the airplane 

and the sa|et'^of the passengers. 

The EAA has considered the advisability of developing an empirical research 
program as reccrrmended and finds no basis in the JRS report or elsevhere to 
justify the research. The FAA is deeply interested in suggested 
improvements for briefing techniques from the airline industry, but 
requiring a quiz data base is inappropriate. 

Planned Action 


The FAA will continue to ipdate AC 121-24 as necessary. 
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tftS ftecgroendation Nunber 13^ -*The Oonmttee recommends that FAA require 
that information on proper response to fire emergencies be included in oral 
and written paisenger safety information." 

Carmen ts 

Federal Aviation Regulations 14 CPR 121.571 and 135.117 oontain the 
requiranents for briefing air carrier passengers. The guidance, for 
operators of airplanes having a seating capacity of more than 30 passengers 
and for FM inspectors is contained in Advisory Circular 121-24. 

AC 121-24 was designed to standardize «u>d improve the safety information 
presented to passengers by the airline industry. Guidance is provided in 
the PC concerning the preparation of comprehensive oral briefings and 
written passe! 
and the air; 
should not 
passengers r 
relat ively 
protection) 1 
required eq 
landing of 


Recent occ 
have caused;, 
ople^ 
crewmembers 





jbriefing cards. The accepted practice of both the FAA 
industry is that briefings concerning emergency actions 
passenger apprehension or inspire inwarranted actions by 
rgency procedures for passengers are, therefore, 

{i.e., follow instructions given for their individual 
^trained crewnembers Implement procedures and deploy any 
necessary to assure the continued sale flight and, 
plane and the safety of the passengers. 

of unwarranted passenger-initiated emergency evacuations 
n that preflight briefings rray in same cases motivate 
independently and innecessarily, Vtien trained cabin 

present, the best course of action is for the passengers to 
§e specialized crew action is accomplished to alleviate 


the only special equipmeit or procedures for passenger 
•lanes of 19 passengers or less, vrfiich have no cabin crew 
ler 14 CFR Part 135. In these operations, the pilot in 
y with 14 CFlt 135.117 art! adequately brief passengers bo 
y procedures in the event of cabin fire, to assure 
ght and landing aid subsequent evacuation. 


At the presen' 
usage are f 
and are ope 

command mus 1 
accomplish 
continued 

Planned Act. 


The FAA will continue the present practice. 
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tftS Recommendation Kunber 14 —"The Committee feels that continuing research 
(fire safety) is also needed in materials development." 

Carmen ts 





As the basis for this reccnmv»ndation, the Committee states on page 10 of 
its report, "In general, the FAA program on flanrnability testing is 
excellent, and its research efforts to improve testing methods are 
appropriate and valuable. The recently issued FAA fl amiability standards 
for seat cushions and cargo compartment liners will reduce in-flight and 
postcrash fire hazards." “...Although FAA standards are met by currently 
available materials, other materials exist that, with further 
development, would far exceed current standards and would provide 
substantial&y v increased fire protection in aircraft." 


Continuing I 
materials, 
of fire-saf 
small-scal 
relative fi 
equipment, 
fabricators^ 
adaptation ' 

as durabili 
teris 




,ex 
iustr 
evacuation 
fire-safe 
materials. 


Planned Acta,acu ,. ~ 


search is needed in the development of improved fire-safe 
^he ’^A's part in this research generally entails the analysis 

' .iblems and the development and validation of practical 

ulpment that can be used to measure reliably the 
ty characteristics of materials. Using this test 
cooperates with material producers, interior 
aft manufacturers, and airlines in the development'and 
materials vhich have a high level of fire safety as *«11 
ility, appearance, and other practical 
issary for economically competitive materials. 

ojf this highly-successful, cooperative approach between FAA 
ie the establishment of new standards for heat-resistant 
aterials, cargo compartment fire barrier liner materials, 
hion materials, and cabin wall and ceiling panel 





The FAA pla^^pcontinus this approach in the development of improved 
materials and beli eves that this action is responsive to the Carmittee's 
reconmendat|‘“. 
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IftS RecaTTf>endation Nimber 15 —*'lhe Oxmittee noted that current emergency 
procedures for smote renwval recarmend that the cabin be depressurized to 
10,000 ft. This procedure is ineffective and should be discontinued," 

Comments 


"F" \ 





The Cbnnuttee on Airliner Gtbin Air Quality presented the following • 
reasoning: "All procedures the Cornuttee reviewed specified increasing 
cabin altitude to 10,000 ft. to increase ventilation. Although that will 
increase the volume of air flowing through the cabin, the lower pressure 
will also increase the volume of snote produced by a given fire, and there 
would be little or no reduction in smote concentration. Any reduction in 
burning rate due to the decrease in partial pressure of oxygen in the cabin 
is insignificant." 

Mass avrflp^P|enerally controlled by the pressurization schedule and the 
characteristics^ the bleed air system. The significance of ccnbined 


changes ln| 
smote prodji 
to draw an 

On Septe 
Cetection, 
Emergency 


"density, air velocity, and ainmass flow on burning rates or 
is unteowi. There rray be too many ui predict able variables 
fiable conclusions. 

1986, the FAA issued Advisory Circular (AC) 25-9, smote 
at ion, Evacuation "tests arid Related Flight Manual 
es {Appendix 5). This new fC provides guidelines for the 
ication tests relating to stote detection, penetration, 
ocedures. The AC also provides guidelines to evaluate 
e flight mamHl procedures. 


AC 25-9 ha| been previewed, and it has been determined that paragraph 5b 
is too geni||IPfilative to arote evacuation procedures. The paragraph 
should be moril^specific and note the limitations of smote procedures. 

Planned Action 



The fM wi 
address th 
that inves 
pertinent |nfj 
offices. 



in and review additional information that is knowi to 
? evacuation issuj. This will include a Lcckhesd study 
decompression as a means to control or extinguish a fire, 
tion retained by the cognizant aircraft certification 
^additional information from the WS. NT5B in-flight smote 
and fire accideht/incident reports will also be reviewed. Based on this 
review, the EAA will determine the effectiveness of the current procedures 
fo' smote removal. 



PC 25-9 will !« revis'd to be tore specific relative to decompression 
procedures and include any limitations cn cheir tu;e, or other appropriate 
actions as determined to be necessary will*be taken. 


t 


I 

i 

I 
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I 

I 





NAS Reccnoendation timber 16 —"tbwevnr, there are generally more crew 
members than fire extinguishers, and the Camittee recartnends that FAA 
review the proposed role on protective breathing devices for crew members 
to ascertain the desirability of supplying such equipment for all crew 
monbers, rather than limiting it to the persons expected to be involved in 
firefighting. In addition, the Carmittee suggests further evaluation of 
the potential of emergency breathing equipment for all cabin crew members 
to improve safe and expeditious evacuation of passengers in fire 
emergencies." 


Garments 


The IRS report made note of current FRA Notice of Proposed Rulemaking 
(NFRM) 85-1^4Apgpndix 6) concerning protective breathing equipment (FBE) 
for crevm®^^^ NH1M 85-17 was published in the Federal Register for 
public catmint on October 10, 1985, with a closing Tate of 
February 1G^19£8| The proposed rul era king st armed iron recarmendations 
made by th®y|fjp|al Transportation Safety Board concerning accidents - 
caused by fires. Therefore, the tljrust of the pcoposed rule is 

ion for persons directly-involved in addressing cabin 
le in flight. 


to provide 
snoke arri f 



The reconrnehdt!*?*??! to evaliate the potential of emergency breathing 
equipment fbr jjal^cabin crew members to-improve safe and expeditious 
evagia$|ion IlljliSitengers will not be addressed as part of the above 
dia sgBS ed ri^makihg but will be addressed as part of 
Hecanrendatr 17 to reexamine passenger protective breathing 

The fighting^t^fire presents significant workload demands that dictate 
the design oJ^iJiP'pcotective breathing devices provided for that purpose. 
When the cai^rewimembers are not fighting an in-flight fire, their needs 
for protective4»c^athing equipment would be similar to those of the 
passengers. 


Planned Act 



The evaluati&ga^gthe potential of emergency breathing equipment for all 
cabin crevmembers \o improve the safe and expeditious e/acnation of 
passengers in fire emergencies will be conducted in conjunction with the 
planned action on Recormerrfation Number 17. 
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NAS Recarroendation Number 17 —"'Ihe Cormittee recamvends that FAA re-exanine 
passenger protective breathing devices and consider requiring that such 
equipment be available in case of in-flight and post crash fires." 

Garments 


\ 





Die FAA concurs with the Conmittee's reccnmendation to restudy the issue 
based on current technological developments throughout the world. Tte FAA 
is currently reviewing this new technology with representatives of the 
Civil Airworthiness Authorities of Canada, France, and the ihited Kingdom. 

Cn July 29, 1986, the FAA received a letter from the United Kingdom's Civil 
Airworthiness Authority, including a specification for passenger protective 
breathing equipment (PBE) for both in-flight and postcrash fires. The 
Canadians haK?gy[|so been conducting research on passenger K3E as a result 
of the Qn^lhatt accident. The Canadian's work is referenced in the NAS 
report. 
passenger 


Ih .addi.tion, the FAA learned that France is conducting testing in 


A meeting 
Radnill, 
research 
plan to coi 
merits of 

U 
i 

any 

to identif 
objectives 

Planned A 



between representatives of the four couitries in 
Septerioer 29,. 30, and October 1, 1986, to discuss 
lopnent (RfcD) and to develop a consolidated, cooperative 
uct the necessary RiD to reinvestigate the technical safety 


5 us of the meeting was that two scenarios need to be 
in-flight and postcrash. The representatives decided that 
■y action could be contemplated, it would be necessary 
the need, establish candidates' scenarios, identify test 
tablish detailed pass/fail criteria. 



This joint ^terftational effort on passenger protective breathing equipment 
will contir|y^^$bveral meetings have been held during the last 6 months. 
The groi^foogective is to perform a worldwri.de accident and incident 
analysis summarise fire events and human factors, in order to 

evaluate the s afet y potential of individual passenger protective breathing 
devices undl^tllllerent fire scenarios. The group will also begin 
development procedures for testing the devices. 

A meeting will be held in Way 1987 between the four nations to decide 
on further activity. Chce this international effort is canpleted, the FAA 
will assess the need for regulatory action. 
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MS Reocntncndation Nonber ifl —"'Jx* Cbnnutti*' wm; t :!v>r.|nl with performing ,1 
cofnpari9on~o£ foreign Industry practices, rogul.ii.iais, and standards, and 
has gathered relevant information applicable to the issues addressed in 
this study. Although same differences fran those in the Uhited States have 
been noted, they do not appear to be significant. The Cbmmittee feels that 
greater effort along these lines is not warranted,* 

Planned Action 

lhis recommendation requires does not require tX)T action. 
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fRS Recommendation Number 19 —"the Qjntnittet' thcreloro oiooirmends that F7V\ 
•istabiish a prog ran tor tlv; systematic measurement, by unbiased irvdeperdent 
groups, of the concentrations oE carbon monoxide, respirable suspended 
particles, microbial aerosols, and Q 2 one and the measurement of actual 
ventilation rates, cabin pressures, and cosnic radiation on a 
representative semple of routine connercial flights. These findings stould 
be subjected to peer review." 

Ccrrnents 


(NOTE: 'U^term "program" as used in this recommendation is interpreted to 
mean a one-t&B&^tudy.) 


in 1970 a 
study of 
study inv 
carbon mo 
ketones m 
14 danest 
cent am in. 
envirorvte 
evaluate 




suspended ? 
monoxide 
There are 



?AA and the U. S. Public ttealth Service (PHS) conducted a 
fch aspects of smoking in passenger-carrying aircraft. The 
e measurement of tobacco combustion by-products, including 
smote particulates, aromatic hydrocarbons, aldehydes, and 
litary airlift cotmiand international flights and 
Ij.ian flights. The results revealed very low levels of each 
red, much lower than those recommended in occupational and 
quality standards. This was the earliest effort to 
aminants in passenger-carrying aircraft. 

ed other tests that were performed by airlines and 
ncludirjg "measurements of opportunity," made by seme of the 
tn most instances, carbon mmoxide and respirable 
os oE envirormental tobacco OToke were measured- Carbon 
ar below ambient and occupational standards «?re reported, 
stablished standards for smote particles. 


The level^SI-JuA^robial aerosols (e.g., viruses, bacteria, molds, and 
fungi) tha^ji^v exist in airliner cabins were not considered in either the 
rAA/PHS 1 $70-71 ''Vturjy or in subsequent tests. Recent indoor air pollution 
investigal^^fc^ve revealed that a wide variety of microbial contaminants 
are conrocrflyround in occupied, enclosed spaces such as modern office 
buiidings.^Sg^§itiably, such would be the ease in any closed environment 
where people ipongrogate, and passenger-carrying aircraft would be no 
exception||85§igggfte the fact that there are no standards limiting the kinds 
and concentrations of microbes in such places, the Comnittee stated that 
"...in view of the degree of expressed concern about microbial 
contamination in aircraft and the possibility that serious acute health 
effects could result fron such contamination, it is important to collect 
baseline data on background concentrations of microbial aerosols during 
normal flight conditions." 


The FAA/PHS 1970-71 study of tobacco snote contamination in aircraft has 
been labeled by same as "inadequate." towever, the limited data that have 
been collected in subsequent less-structured testing, prior to the WS 
study, have done little to refute the conclusion reached in the early 
study, i.e., that, based on environmental levels and expected dose-response 
relationships of contaminants, tobacco combustion products do not represent 
a hazard to the nonsmoking passengers. 
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Chta obtained with the computer model dev eloped by the Oorcmittee were found 
to be supportive of the limited enpirical data. All of the data suggested 
that "...cabin air is probably no worse than air in many other confined 
environments." This conclusion by the Coimittee was based on data that did 
not consider the potential for microbial aerosol contamination. 


The technology for measurement of the environmental factors associated with 
cabin air quality has made tremendous strides since the 1970-71 FAA/HiS 
study. Also, the experimental designs used in that and the other studies 
cited by the Conmittee were probably less than adequate. Designing arri 
conducting;^* studies using more sophisticated investigative techniques 
could increa^fsit^e level of confidence in the measurements obtained. 


jh began in Kay 1984, with the &>vironmental Protection 
ijnewed regarding tlw advisability arri feasibility of 
tical program for making cabin air quality measurements on 
uring typical operations. 



Discussion? 
Agency wil 
initiating 
board airpj 
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NAS Recqrmendation Number 20 —"The Conmittee recormends that FRA establish 
a program to monitor .'selected health effects on airliner crews." 

Garments 





Acting under its responsihility for the occupational safety or health of 
aircraft crewmembers, the FAA has issued numerous regulations directly 
affecting the workplace of pilots, flight engineers, cabin attendants, and 
other persons whose workplaces are on aircraft in operation. These 
regulations cover aircraft performance and structural integrity, safety 
equipment for emergency ditching and evacuation, fir? protection, 
protective breathing equipment, and emergaicy exits. Other regulations 
affecting the crewmember workplace have been issued with respect to cockpit 
lighting, cde**nsttbj?r seat belts, toxicity and other characteristics of 
materials irj^P^ewmertber workplace, and other environmental factors 
affecting trii^ s workplace, including noise reduction, smoke evacuation, 
ventilationf'-heat^ng, ami pressurization. Maximum hours of duty and duty 
aloft for a ir cfartl ier flight crewnembers are also regulated, as is the 
protection ufNcremembers from radioactive and other hazardous materials. 

Although th^ f^ ;!i ha.= no reporting requirement for crewmember disease that 
ray be occuji^lilttlly related, there are data available on in-flight' 
crewnember . The FRA also requires .periodic physical examination 

on flight clewpfteers; however, there is no such requirement for flight 
at yaifo t c *ppil«ga& rs. There is no conclusive evidence of increased 
inc^^^oe o t^isease related to crewmember duties. 

of |SiSSiH|ring program the IAS report reconmends would attempt to 
identify he|JJ^h ‘jjfects of the working environments on cabin crewnembers. 

In making t^^^lrrmendatiorj to exanine rates of spontaneous abortion and 
birth defects..alteog cabin crewmembers, the FAS report identifies the 
difficulty <il!!l£^yihg such a complex, phenomena where it is difficult to 
separate thfe effects of the cabin environment fron other environmental or 
hereditary feffec«. The IAS report indicates difficulties in interpreting 
the results^^^wiil occur and reccomends that "a feasibility study be 
undertaken p> determine whether these conditions can be met." The FRA will 
discuss witj^pi^Jational Institute of Occupational Safety and Bsalth 
(NIOSH) the^fe|*sij>ility of establishing a program to monitor selected, 
health effe|®§W®airline crews. 

Planned Action 

The FRA will continue its efforts to ensure the occupational health and 
safety of crewnembers in response to established needs. The FAA will 
discuss with NIOSH the feasibility of establishing a program to monitor 
selected health effects on airline crews. 
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NAS Recaitnendation Nanber 21- -"The Owdttee recornnervds that FAA collect 
these cfata (uses of recently irandated medical kits) in such a way as to 
permit comparison of onboard incidents with those in other settings." 

Cowmen ts 

FAR Amendment Mambers 11-29 and 121-188 (Appendix 7), which contain the 
requirement for the carriage of emergency nwdical equipment on air carrier 
aircraft, became effective August 1, 1986. ttiw 14 CFR 121.715, included in 
those amendments, requires that for a period of 24 months, each certificate 
holder will maintain records on each medical emergency occurring during 
flight time resulting in the use of the emergency medical equipment, 
diversion of the aircraft, or death of a passenger or crewmember. These 
records willinclude tow the medical kit was used, by whan, and the outcome 
of the medicat^^rgency. This information will be submitted to the EM 
within 30 &|$^%¥lier the end of each 12-month period during the 24 months 
of requiredRepotting. This existing data collection program is fully 
responsive tfo--'^he' ; |f'feS' recommendation. 


Planned Action 



The FAA willkasfe&he data required by 14 CFR 121,715 to determine future 
need for the carriage of emergency medical Equipment on air carrier 
aircraft. TpiSp^lta will be available for use in studies comparing medical 
inc iden ts or jJxkrdi air carrier aircraft'with those in otlier settings. The 
FAAH^m. notWmftaki; these comparative studies since it <1oes not have the 
studies would be inappropriate for the FAA.- 
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Research lotcresi&^S^^MfW 




out our lives w^arejii^osed to environmental contaminants present in air, water, food and soil. 
Th^hrust of our resear|Lg|t^&ie$ is the assessment of population exposures that occur in homes, 
es, schools, and during iranhit as well as i n the outdoor environment. Most of these assessment 
es are carried out in-J^jipStion with epidemiologic investigations. 



. Our studies as well as oi 
environment, 5-' 
^'hgntt&naflt leyek enco 
Sbmfort, iriit||i.0n an 
ae, acidi c pira cies, 
mites, nitr#gltf^!Sxide, f 




and others). Con 
. N02 levels in hoc! 
een 20 and 100 ppb 
ciated with substantl 
line can be 6 to 101 
idard urban mo nit 


ers reveal that we spend 65% of our time in our residences, 25% in some other 
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jl assessment of hupyKffcXposures has enhanced our epidemiology by impr ‘-ving upon descriptor 
rrrogate indicator variaolffisi Exposure measurements have been extremely helpfiil in identifying 
lible associations in Mt&wifding investigations. As we continue an EPA-sponsored National Human 
■;B*posure Assessment study, we will be revealing behavioral, housing and geographic factors that lead to 
hjgfecxposures, body burdens and health risk to pesticides (chlorpyrifos, diazinon), metals (lead, arsen 
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btigating the chemistry of ozone as it degrades on the internal surfaces of air ducts in buildings 
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